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 I 
 
Abstract  
 
The existence of a sixth taste primary responsive to fat has been gaining acceptance 
over the last decade, with a wealth of evidence from well controlled human and 
animal studies in support of this proposition. Studies have repeatedly demonstrated 
both saturated and unsaturated fatty acids are able to be detected by the oral cavity 
over a range of concentrations, in a similar manner to the well-established five taste 
primaries. Alongside inter-individual variation in fatty acid taste, accumulating 
knowledge suggests a greater functional role; impaired taste sensitivity to oleic acid 
(C18:1), a stimulus for fatty acid taste, has been associated with not only increased 
body mass index (BMI), but consumption of fatty foods including meat, high-fat 
dairy foods and butter, all of which have been implicated with weight gain. Fat 
intake and regulation appears to be especially problematic in the obese state, and 
among the multiplicity of factors which may contribute to overweight and obesity, 
it has been proposed that an inability to detect fats within the oral cavity underlies 
its development. The manner in which fatty acid taste sensitivity associates with 
ingestive behaviours and consequently the development of obesity is of great 
interest and it is becoming imperative to understand the underlying mechanisms 
that regulate fat and energy intake, although currently, the exact way/s in which 
fatty acids are recognised throughout the body remains elusive. 
 
It has recently emerged that fatty acid taste sensitivity mirrors responses throughout 
the gastrointestinal tract where in the obese population, fatty acid sensing ability is 
compromised at both locations. This association appears to have nutritional 
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implications, where obese individuals are also unable to generate the appropriate 
hormonal responses which contribute to the cessation of a meal. This coordinated 
alimentary response and dysfunction in appetite regulation may well be key in the 
development of overweight and obesity, however few human studies have 
investigated the mechanism by which impaired fatty acid taste sensitivity 
participates in excessive food intake. A further consideration is whether 
environmental or genetic underpinnings guide variation in fatty acid taste 
sensitivity, and by extension fat preference and nutritional status. Previous reports 
have supported both proposals, for example, there is a significant degree of 
plasticity within the gustatory system where acute low and high-fat dietary 
exposure modulates fatty acid taste sensitivity, while the presence of putative fatty 
acid taste receptors have been associated with enhanced perception or hedonic 
responses to fat. Underpinning fatty acid taste findings is the psychophysical 
measure to determine an individual’s taste response to fatty acid. Numerous 
methodological approaches have been employed to better understand individual in 
fatty acid taste variability and as conclusions are largely a function of these factors, 
the methodological approach remains an important area of research. 
 
The overarching aim of this thesis was therefore to extend the growing knowledge 
of fatty acid taste, with a focus on how fatty acid taste sensitivity underlies obesity.  
This thesis comprised of three studies which included a methodological based study 
where two established stimulus vehicles for determining fatty acid taste sensitivity 
were compared, an investigation into whether fatty acid taste sensitivity participates 
in energy intake and satiety and finally, an analysis of genetic and environmental 
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contributors to fatty acid taste sensitivity and fatty food liking through a study of 
monozygotic (MZ) and dizygotic (DZ) twin subjects.  
 
Study 1 tested the extent methodology influenced fatty acid (C18:1) taste 
thresholds by comparing two established methods (Deakin University, Australia 
and Purdue University, USA) which are frequently cited throughout the literature, 
although which notably produce varying results between studies using these 
methods. Subjects (n= 16) participated in a randomised crossover study where 
detection thresholds for C18:1 were obtained across 7 sessions for each method. 
Mean thresholds for both methods were similar (Deakin: 2.3 ± 0.49 mM, Purdue: 
3.0 ± 0.96 mM, r= 0.56, P= 0.03) and repeatable with moderate to strong intraclass 
correlations (ICC) found for both methods (Deakin: ICC range: 0.61 – 0.98 
[confidence interval range: 0.11 – 0.99], Purdue: ICC range: 0.86–0.97 [confidence 
interval range: -0.10 – 0.99]). Despite variation in vehicle solution, fatty acid taste 
classification of individuals was consistent between methods. Differences were 
observed in regards to the number of testing sessions required to reach stability; the 
Purdue method required a minimum of three sessions to obtain consistency, while 
the Deakin method was reliable from the first testing session. Results suggest both 
methods measure the same oral phenomena, with the Deakin method requiring less 
testing sessions to determine fatty acid detection thresholds.     
 
Study 2 evaluated the influence of long term decreased fat intake on food 
consumption and satiety, and the potential link with fatty acid taste sensitivity. 
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Subjects (n= 40) completed a randomised 10-week dietary intervention where they 
were assigned to either a low-fat (20% energy from fat) or Mediterranean diet          
(30 – 35% energy from fat). Participants attended sensory laboratory sessions at 
baseline, week 5 and week 10 of the diet, where satiety and food intake (kilojoules 
and grams) at a buffet style meal were determined. Additional measures including 
perceived satiety measures, fatty acid taste sensitivity, anthropometric changes 
(weight and BMI), fat perception, liking of lowered and regular fat foods, n-6-
propylthiouracil (PROP) taste sensitivity and papillae density were also assessed at 
the start, middle and end of the intervention. Consumption of the low-fat diet 
significantly decreased food intake at the buffet style meal (energy: baseline: 
3868.0 ± 345.5 kJ, week 5: 3527.6 ± 27.23 kJ, week 10: 2929.0 ± 283.5 kJ, P= 0.04 
and grams: baseline: 824.5 ± 60.7 g, week 5: 745.0 ± 49.3 g, week 10: 649.5 ± 49.6 
g, P< 0.001). Comparatively, there were no significant changes in food intake 
measures following the Mediterranean diet (P> 0.05). Perceived satiety 
measurements (hunger, fullness and prospective meal consumption) did not differ 
between diets, and did not differ over the course of either diet (P> 0.05 for all 
measures). Repeated measures analysis of variance (ANOVA) revealed a 
significant decrease in fatty acid taste thresholds (P= 0.05) following the low-fat 
diet, with no changes with the Mediterranean diet (P> 0.05). Liking for regular or 
lowered fat foods and fat perception ability did not differ from baseline to week 10 
for either diet and in addition, taste sensitivity to PROP and papillae number did 
not differ between diet groups, nor was either measure associated with fatty acid 
taste thresholds or fat ranking ability (P> 0.05 for all). These data suggest fatty acid 
sensing throughout the alimentary canal plays an important and direct role in food 
intake and satiety.  
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Study 3 was composed of two pilot studies, both of which recruited a genetically 
informative sample of twins. The first (Study 3a) assessed MZ twins (n= 20) for 
similarities in oleic acid taste thresholds, liking or preference of fatty food and 
PROP taste sensitivity. Individual variation in fatty acid taste sensitivity was 
observed (C18:1 taste threshold range: 0.02 - 20 mM) and within a small cohort of 
BMI discordant twins (BMI difference of at least 3 kg/m2), fatty acid taste 
thresholds differed substantially between the lean and obese co-twin, with the obese 
twin requiring more than twice the concentration of C18:1 compared with their lean 
counterpart (lean: 2.1 ± 1.5 mM; obese 4.7 ± 1.5 mM). Furthermore, compared to 
BMI discordant twins, concordant pairs were similar in their preference for fatty 
foods as assessed through a Like - Dislike Questionnaire (ICC range: 0.56 – 0.89, 
P-value range: <0.001 – 0.05). Collectively, these findings indicate that 
environmental factors may be a stronger determinant of fatty acid taste sensitivity 
and fat perception, while fatty food preference may be driven by inherent factors. 
Extending on these findings, Study 3b focused on the genetic and environmental 
determinants of fatty food liking via a MZ and DZ twin design. Ninety three percent 
of participants indicated they could perceive a difference between the no-fat and 
high-fat custard. Across two age groups (junior and older children / adult twins) 
MZ twins were more similar for their preference of fatty food, when compared to 
DZ (junior twins: high-fat: MZ ICC= 0.81; DZ ICC= 0.12, P= 0.02; no-fat: MZ 
ICC= 0.56; DZ ICC= 0.23, P= 0.10; adult twins: high-fat: MZ ICC= 0.54; DZ ICC= 
0.05, P= 0.18; no-fat: MZ ICC= 0.29; DZ ICC= 0.08, P= 0.49). PROP taste 
sensitivity was strongly correlated for both MZ (r= 0.82, P< 0.001) and DZ pairs 
(r= 0.83, P= 0.008). This data emphasises a further novel research opportunity 
assessing the genetic contribution to fatty food liking and identified that the use of 
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a twin pair study design may be an effective tool in the search for mechanisms 
underlying fat consumption. 
 
The three studies conducted as part of this thesis contribute to the growing body of 
evidence supporting both the existence and functionality of fatty acid taste. Firstly, 
data in this thesis has contributed foundational knowledge to the area of fatty acid 
taste methodology by suggesting two established protocols measure the same 
sensory phenomena, which is vital when interpreting and comparing findings 
across the literature, and also important given this research field will continue to 
grow over the next decade. Secondly, novel data supporting the role of fatty acid 
taste in satiety and energy intake has been reported and finally, this thesis provided 
data supportive of environmental and, perhaps genetic influences on fatty acid taste 
sensitivity and has identified an area worthy of future and more detailed 
investigation.  
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Literature Review 
 
1.1 Introduction 
The prevalence of overweight and obesity is increasing both in Australia (1) and 
worldwide (2) with estimates showing a projected 1 in 4 Americans will be obese 
by 2020 (3). While the aetiologies are complex, a high-fat diet is a well-established 
causal factor (4). Dietary fats are essential in the human diet, but within the modern-
day food environment, fatty foods are not only extremely palatable, but sources are 
readily available and cheap, which likely contributes to their overconsumption (5). 
While it has been largely overlooked until recently, the sense of taste functions as 
a nutrient detection system and in addition to the five primary tastes, it has been 
proposed that a sixth taste, that for the taste of fat (mediated via fatty acids) exists 
and guides fat consumption (6-12) with growing research showing the ability to 
detect fatty acids, when textural, odour and visual cues are minimised (7, 13). While 
the methodology used to assess fatty acid taste sensitivity varies between studies 
and research groups, evidence suggests functional implications of impaired fatty 
acid taste, whereby fatty acid hyposensitive individuals have a higher body mass 
index (BMI), consume greater amounts of energy and prefer fatty foods (6, 7). The 
physiological role of fatty acid taste is now becoming more apparent, however the 
potential mechanisms linking fatty acid taste sensitivity with the development of 
overweight and obesity are yet to be established.
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The ingestion of fat exerts normal hormonal responses which play a role in weight 
regulation by guiding the suppression of energy intake (14). Satiety is thought to 
play an important role in food energy consumption (15) however studies have 
demonstrated that fat intake may be poorly controlled in the obese population due 
to a dysfunction in appetite regulation, in particular the regulation of satiety 
hormones including cholecystokin (CCK), glucagon-like peptide-1 (GLP-1), 
peptide YY (PYY) and grehlin (16, 17). These abnormalities suggest a deficit in fat 
sensing signaling responses and are strongly suspected of accompanying the 
development of overweight and obesity. A plausible association between fatty acid 
taste sensitivity, satiety and the development of obesity may exist; oral fat exposure 
acts as a gatekeeper of the digestive system, eliciting a cascade of responses during 
nutrient digestion and absorption (18) although more research is yet to be 
conducted. It is now known that the oral cavity and gastrointestinal (GI) tract are 
analogous for receptor mechanisms and advances in the field now propose the gut 
can also ‘taste’ chemical contents (19). This ability to sense fats in both locations 
may therefore modulate fat consumption, fat preference and energy intake via 
association with the GI tract with recent research demonstrating that fatty acid 
‘taste’ is not only compromised in obese individuals, but GI sensitivity to fats is 
also attenuated (20). An association between fatty acid taste sensitivity and satiety 
has also been identified where impaired fatty acid sensing is associated with 
increased energy intake (21).  
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Maladapted fatty acid sensing mechanisms may indeed contribute to altered satiety 
responses and differences in weight, however a thorough understanding of the 
underlying mechanisms responsible for fatty acid detection throughout the oral 
cavity and GI tract is lacking. Inter-individual variation in fatty acid taste sensitivity 
exists (6) possibly as a result of genetic or environmental underpinnings, both of 
which have been shown to play a role in the perception of other tastants (22). Of 
particular interest is the role of putative fatty acid detection mechanisms including 
the Cluster of Differentation 36 (CD36) receptor (17) and two G-protein coupled 
receptors (GPCRs), GPR40 and GPR120 (18). Research based on human subjects 
is lacking, although a body of animal studies have shown these mechanisms play a 
role in fatty acid detection and fat preference (23-26).  
 
The way in which fatty acid taste sensitivity dictates fat consumption and associates 
with overweight and obesity is unknown, but it is conceivable that expression of 
these receptors impacts satiety responses, especially given the overlap between 
fatty acid sensing mechanisms in both the oral cavity and GI tract. A greater 
understanding of the functional role of fatty acid taste sensitivity, together with the 
involvement of the taste system in satiety could help to identify those who are at 
greatest risk of excess fat consumption and development of related chronic 
diseases. This literature review will focus on evidence supporting the existence of 
fatty acid taste sensitivity, including a discussion of the methodological approaches 
employed, the implications of impaired functioning and associations between the 
oral cavity and GI tract.  
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1.2 Overweight and obesity  
The incidence of overweight and obesity is continually rising, with a substantial 
increase in prevalence rates both in Australia and worldwide. Statistics from 2008 
have shown that 1.46 billion adults were overweight, while 502 million adults were 
obese worldwide (27). In Australia alone, statistics from 2012 showed that 62.8%, 
or almost two thirds of the adult population were overweight or obese (1). The 
health implications of overweight and obesity are numerous; cardiovascular disease 
(CVD), Type 2 diabetes, and the development of cancer are associated outcomes 
(3), with obesity costing the Australian health care system in excess of $56 billion 
dollars in 2008 alone (28). The causes of overweight and obesity are undoubtedly 
multifactorial, where a complex interplay of behavioural, environmental and 
genetic factors influence the balance between energy intake and expenditure (29). 
Of particular note, an overconsumption of dietary fat has been continually 
identified as a contributing factor (4, 30).  
 
1.3 Dietary fat 
It has been recommended by the National Health and Medical Research Council 
(NHMRC) that an individual should consume a moderate amount of fat (25 - 30% 
total energy) to promote the absorption of the fat soluble vitamins and essential 
fatty acids (31), however epidemiological evidence has identified excess fat 
consumption to be a strong determinant in the development of overweight and 
obesity (4), a recognised significantly growing global health burden. Dietary fats 
contribute to the palatability and desirable mouthfeel of food, acting as a positive 
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reinforcer that stimulates reward centres of the brain (32, 33) and fat intake has 
been shown to be positively correlated with fat mass in obese subjects consuming 
greater than 40% total energy from fat (34-36). Intakes above the recommended 
range increase susceptibility to related chronic diseases (37) and well established is 
that obese individuals prefer high-fat foods (38, 39) and that the proportion of fat 
consumed in the diet is higher in obese, compared to lean individuals (35). 
Numerous factors are thought to guide these differences between lean and obese, 
including both genetic and (40) environmental factors (27). Dietary fat is energy 
dense, considered extremely palatable and contributes desirable textural and 
olfactory properties which are thought to initiate and influence its consumption (32, 
33). Growing research now suggests the sense of taste may, in part, also mediate 
intake and preference of dietary fats (41). The ability to sense fatty acids within the 
oral cavity may be an important mechanism underlying fat consumption and may 
present a novel and early prevention target for reducing the prevalence of obesity.  
 
1.4 Sense of taste  
The sense of taste, or gustation, refers to the sensation derived when chemical 
molecules stimulate receptors in areas of the tongue, soft palette and oro-
pharyngeal region (42). The taste system serves as a gatekeeper of the digestive 
system and plays an important role in food selection. The sense of taste most likely 
evolved to allow humans to identify safe and nutritious foods appropriate for 
metabolic needs, or serves as a warning system for harmful or toxic foods, thereby 
increasing the chance of survival (43). Taste is elicited through the activation of 
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taste receptors found in surface regions throughout the oral cavity. Taste buds house 
taste receptors cells (TRCs) which are distributed across three types of different 
tongue papillae; fungiform, foliate and circumvallate papillae which can contain up 
to several hundred taste buds. At the apical end of the taste receptor, microvilli form 
the ‘taste pore’ - the site for the interaction and detection of various tastants (see 
Figure 1.1) (44).  
 
 
 
 
 
 
 
  
 
(adapted from Chandrashekar et al. (44)) 
 
It is now widely accepted that humans experience five primary taste qualities; salty, 
sweet, bitter, sour and umami (45). A taste quality is experienced when a tastant, at 
a particular chemical concentration, stimulates a receptor located within the oral 
cavity, inducing cell depolarisation and the release of intracellular calcium (Ca2+), 
followed by activation of gustatory nerves (glossopharyngeal and chorda tympani), 
which then transmit sensory information (via neurotransmitter secretion) to neural 
processing centres of the brain (46). Each of the established five taste modalities 
appear to be mediated by specific coding mechanisms, for example, T1R1, T1R2 
Figure 1.1: Organisation of the taste system 
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and T1R3 are genes which belong to a family of GPCRs and play a role in sweet, 
bitter and umami tastants (47).   
 
To be classified as a primary taste certain criteria must be met. While these criteria 
are debatable, Mattes (8) suggests that a taste must have 1/ an effective class of 
stimuli to directly activate taste receptor cells, 2/ a unique transduction mechanism, 
3/ a discernible taste quality, different to that of other tastes and, 4/ be an activator 
of neurotransmitters, capable of sending the required signals to the brain. 
Interestingly, recent evidence has indicated homology between receptor systems in 
the oral cavity and gut, that is, like the lingual epithelium, gut cells also express 
taste receptors and signalling elements, including those mediating sweet (48) and 
bitter taste transduction (19) reinforcing the role that the taste system is part of a 
systemic nutrient detection system.  
 
1.5 Fat or fatty acid taste  
In the context of obesity, determinants of fat intake are of particular interest and 
mounting evidence now supports the existence of a sixth taste, that for the taste of 
fat. Classically, oral fat detection has been attributed to textural, olfactory cues and 
post-ingestive effects associated with triglycerides (32, 33, 49). Accumulating 
molecular and behavioural evidence collected over the previous two decades 
however supports a  distinct gustatory component to dietary fats, namely their 
digestive components, free fatty acids (FFAs) which are also known to operate as 
signalling molecules throughout the body including within the GI tract (50). From 
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an evolutionary standpoint, it seems logical humans would have the ability to detect 
fats, allowing the identification and ingestion of energy dense sources and fat 
soluble vitamins, similar to other physiologically important macronutrients such as 
carbohydrates. In the same way in which other digestive products of primary taste 
sensations initiate cellular responses (i.e. sugars, sodium (Na+) and amino acids) 
(51), it would be appropriate that fatty acids are the stimuli that are responsible for 
eliciting a fatty acid taste  perception.  
 
1.6 Methods for measuring fatty acid taste and methodological 
considerations 
A preliminary discussion of the methodology used to assess fatty acid taste 
sensitivity is especially important for this area of research, given that findings 
throughout the literature are a function of the methodology employed. In humans, 
one method of determining taste sensitivity is via threshold measurements (52) 
where sensory experiences run along a continuum. When a tastant, for example, 
sucrose, is in an aqueous solution, it may be at a concentration too low to be 
detected. As the concentration increases, and can be differentiated from water, this 
is known as the detection threshold. If the concentration of sucrose were to further 
increase, the point at which the taste quality (i.e. sweet) can be recognised is known 
as the recognition threshold (53). Fatty acid taste sensitivity is typically measured 
via detection threshold measures, given it does not have a discernible taste quality 
associated with it.  
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A variety of approaches have been used to better understand fatty acid taste 
sensitivity, and are expected between research groups, for example, edible taste 
strips made from polysaccharides impregnated with fatty acids  have been trialled, 
although at present, only two studies have employed this method (54, 55) and its 
reliability and repeatability is yet to be fully established. Assessing oral responses 
to triglycerides is another alternative, with some authors testing samples which can 
easily be manipulated in fat content (e.g. salad dressings) (56), while others have 
used food mixtures (e.g. cake and ice cream) and although this more likely 
represents a real eating situation, there are likely to be synergistic effects of other 
taste components (57). More commonly, fatty acids are presented in an emulsified 
form, in a solution of either ultra-heat treated (UHT) milk, as used by the Deakin 
University research group (7, 58) or a deionised water base, employed by Mattes et 
al. from the Purdue University research group, based on methods by Chalé-Rush et 
al. Participants are typically required to discriminate a fatty acid solution at a given 
concentration from a control solution using various psychophysical approaches 
(e.g. a forced choice alternative procedure or a staircase procedure). Emulsions are 
generally composed of the chosen base and food grade gum arabic (although 
sources and type vary). In addition, some researchers use mineral oil in their test 
emulsions, such as paraffin oil to minimise textural variations between control and 
fatty acid samples, for example, Chalé-Rush et al. (59) and Stewart et al. (6) 
whereas others do not, for example, Pepino et al. (60).  
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Aside from inherent variability, there have been suggestions that the 
methodological approach could influence thresholds (52, 61-63). Emulsion type 
and composition have been identified as potential contributing factors, where for 
example, a milk base may provide additional background noise, perhaps making 
the stimulus more difficult to detect (61), while carbohydrate based gums which 
vary in source may synergistically interact with other components in an emulsion, 
although this is yet to be formally explored. Recent data suggests the use of mineral 
oil contributes to an unstable emulsion (10) however these findings were specific 
to a deionised water base and the interactions between a milk based stimulus and 
mineral oil are yet to be examined. Despite these concerns, both Purdue and Deakin 
methods are established methods for testing, with both identifying inter-
individuality in thresholds measures, and the repeatability and reliability of the 
Deakin method has been determined within, across and between days (64).  
 
In addition to the stimulus vehicle, other methodological issues have been identified 
in the literature. For example, whether learning (where repeated exposure to a 
stimulus increases familiarity and potentially increases sensitivity to a fatty acid 
stimulus over time) plays a role has been suggested, although with mixed findings. 
Tucker and Mattes (62) identified a minimum of 7 testing sessions may be required 
for threshold stability, while additional work from the same research group found 
no influence of learning effects (10). Fatty acid taste is unique in that it is not 
associated with a particular sensation (i.e. sweet or salty), and participant naivety, 
or unfamiliarity with the stimulus sensation was suggested as a potential reason 
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behind these findings. Multiple trials may be required to determine the lowest point 
at which a fatty acid can be detected and whether prior familiarisation, or warm up 
effects contribute to greater accuracy warrants further investigation. Given the 
growing nature of this research area, work is needed on determining whether all 
methods are measuring the same fatty acid taste phenomena, which would allow 
for more accurate comparisons between studies and research groups.  
 
1.7 Evidence for fatty acid taste from early animal and human studies  
Early studies from animals provide compelling evidence for the existence of a fatty 
acid taste system and over the last two decades, human studies have since expanded 
on these findings. Behavioural studies employing two bottle preference tests show 
that animals have a clear preference for long chained polyunsaturated acids, 
compared to texturally matched (i.e. xanthan gum or paraffin oil) non-nutritive 
control solutions (65). Mice display a spontaneous preference for corn oil, even 
when anosmic (66) and similar results have also been shown for rodents when sham 
fed (67), and in those who have undergone esophageal litigation (26), highlighting 
the ability of animals to distinguish between fatty acid and control solutions, even 
with the removal of textural, olfactory and post ingestive feedback of fats. Animal 
electrophysiological studies have reported that long chain fatty acids including 
linoleic acid (C18:2), arachidonic and docosahexnoic acids inhibit potassium (K+) 
channels in taste receptor cells in rats (68), however the same effect was not shown 
with short chain fatty acids, suggesting that receptor stimulation is selective to fatty 
acid chain length and saturation, and multiple receptor mechanisms may operate 
for fatty acid detection (69). Taken together, these data suggest that gustatory cues, 
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and those other than texture or odour are responsible for the detection of dietary fat 
in foods.  
 
More importantly, human psychophysical investigations have reported taste effects 
from unoxidised saturated and unsaturated fatty acids, when textural, viscosity, 
olfactory and visual cues (through the use of gum and mineral oils, nose clips and 
red lighting) are minimised (59). Fatty acids of various chain length and saturation, 
including C18:1, C18:2 and lauric acid (C12:0) can be detected by the human taste 
system (13), at threshold concentrations ranging from 0.007 – 0.06% (w/v) in a 
deionised water vehicle, with individual thresholds spanning up to four orders of 
magnitude, while several well controlled studies using a UHT milk based stable 
emulsion have also shown C18:1 is also able to be detected at various 
concentrations, ranging from 0.00056 – 0.34% (w/w) (0.02 – 12 mM) (6, 7, 64). 
Some of the more convincing studies have evaluated physiological responses 
following short oral fat stimulation (fat not ingested) in healthy human subjects, 
which has led to a 2.8-fold increase in post-prandial plasma triglyceride levels, a 
biomarker of fat detection (70, 71). In this study, responses were fat specific, that 
is, followed sham feeding using regular fat butter and cream cheese, as opposed to 
no-fat samples which mimicked the properties of fat. Additional investigations 
have reported oral fat exposure induces the cephalic response, including secretion 
of gastric lipase, altered GI transit, release of gut hormones such as CCK and PYY 
and increases in plasma glucose and insulin (72). Collectively, these data suggest 
that stimulation of fat within in the mouth is sufficient to initiate peripheral 
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signalling to the GI tract, and provides evidence in support of fatty acid taste 
sensitivity.    
 
Despite persuasive findings in both animals and humans, questions have been 
raised as to whether fat or fatty acid constitutes an independent taste modality. Fatty 
acid taste satisfies many of the criteria required for basic taste classification, for 
example, fatty acids (both saturated and unsaturated) are the effective stimuli which 
appear to activate specific fatty acid receptors located within the oral cavity, where 
stimulation of these receptors induces a cascade of events known to trigger a taste 
perception (59). A discernible taste quality however eludes fatty acid taste, with no 
widely established lexicon. Whether fat can be conclusively defined as the sixth 
basic taste is expected to be the subject of numerous future investigations, however 
despite this, growing evidence supports the functional role of a fatty acid detection 
system and thus, it has become increasingly important to understand the sensory 
cues responsible for the recognition of dietary fat. 
  
1.8 Functionality of fatty acid taste sensitivity  
The role of taste sensitivity in influencing the intake or preference of certain foods 
has long been an area of interest, for example, much work has focused on the link 
between 6-n-propylthiouracil (PROP) sensitivity and consumption of bitter tasting 
brassica vegetables, although findings throughout the literature are mixed (73-75). 
As with other tastants, there is marked individual variability in the oral detection of 
fatty acids, and it has been repeatedly shown that fatty acids can be sensed over a 
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range of milimolar concentrations, with detection thresholds ranging between 
0.00056 – 3% (w/v) (0.02 – 100 mM) depending on the study (6, 61, 76). As fat 
consumption varies between individuals, this has led authors to investigate 
potential implications of differential fatty acid sensing with a growing body of 
research now highlighting the physiological importance of fatty acid taste 
sensitivity, namely as a regulator of body weight, fat intake and fat preference.  
 
In animal models, taste sensitivity, as measured by taste cell electrophysiological 
activity in response to stimulation with fatty acids, is a determinant of fat 
consumption and weight regulation; hypersensitive animals, i.e. those who display 
heightened sensitivity to orally administered fatty acids, have a preference for 
carbohydrate based chow and resist weight gain, while hyposensitive, or less 
sensitive animals, prefer high-fat chow and develop obesity when exposed to the 
same high-fat diet (68, 77). This data suggests an association between fatty acid 
taste sensitivity and fat consumption.   
 
Kamphuis et al. (78) investigated the link between fatty acid taste sensitivity and 
BMI in human subjects, reporting fat-tasters to have a lower BMI than non-tasters. 
This study failed to minimise olfactory cues, and findings were based on ability to 
detect a single, low concentration (20 μM) of C18:2, which may have failed to 
identify very sensitive individuals, especially given the large variation in reported 
threshold values, which may span as much as five orders of magnitude (61). Work 
by Tepper and Nurse (79) investigated fat perception ability, although sensitivity 
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separation was based on a single high (40% fat) and low (10% fat) fat sample which 
may limit applicability of the findings. Furthermore, an inverse relationship 
between fatty acid taste sensitivity to C18:1, food consumption and BMI has also 
been observed, whereby individuals who were more sensitive to fats (i.e. had lower 
taste thresholds to C18:1 in solution), consumed less total energy and had lower 
BMI values compared to those who were less able to detect the presence of C18:1 
(6). A relationship between fatty acid taste sensitivity and dietary fat consumption 
has also been observed; that is, fatty acid hypersensitive individuals were shown to 
consume less animal fats, including butter, meat and dairy foods (7) all of which 
have been implicated as contributors to weight gain. Other research groups have 
more recently identified similar associations, for example, obese may consume 
greater quantities of high-fat street foods (80), although results from this study were 
confined to a single population. Furthermore, a recent article from Chevrot et al. 
(11) showed highly variable detection of C18:2 between lean and obese subjects, 
and those who were sensitive C18:2 consumed greater amounts of dietary lipids 
and energy than other subjects. Tucker et al. (76) has also identified an association 
between BMI and taste sensitivity to C18:1, although findings were based on 
comparison on a lean / overweight group and obese participants. Taken together, 
these data propose that some sort of impairment of fatty acid taste could lead to an 
overconsumption of dietary fat, and perhaps encourage the development of obesity.  
 
 Despite these findings, this area of research remains controversial with a number 
of authors failing to identify similar associations (81-83). Possible explanations for 
these discrepancies have been proposed, including variation in the methodological 
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approach, as previously discussed (e.g. use of psychophysical method or emulsion 
type) or inadequate sample size. It is well known the causes of obesity are 
numerous, and impaired fatty acid taste sensitivity may guide food intake in only a 
small proportion of obese individuals. Nevertheless, the association between fatty 
acid taste sensitivity and body weight remains contentious, and further work is 
needed to more conclusively establish this relationship.   
 
1.9 Gastrointestinal detection of fat and implications of impaired sensing  
Aside from nutrient sensing in the oral cavity, intestinal sensing of nutrients is 
known to regulate a number of physiological processes, leading to the release of 
satiety hormones and initiation or termination of a meal, and is an important 
mechanism underlying food intake (19, 84). The ingestion of fat initiates a cascade 
of hormonal responses in the small intestine; in normal weight individuals, gastric 
emptying is slowed, CCK, PYY, GLP-1 are released (acting as mediators of food 
intake and appetite suppression), and grehlin is supressed (85), all of which 
contribute to the cessation of energy intake (86).  
 
 
Normal detection of fats is needed for proper activation of satiety and in obese 
subjects hormonal responses which normally contribute to the suppression of 
hunger are abnormal. Studies have reported reduced GLP-1 and PYY, reduced 
suppression of ghrelin compared to lean participants (87) and impaired gastric 
emptying (88).  It is these responses, or lack thereof, which strongly influence the 
process of satiety;  the feeling of postprandial fullness which affects the time to the 
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next meal, thereby regulating meal frequency (89). Satiety is thought to be an 
important factor in the consumption of excess energy and the development of 
obesity (15). Although fatty acids exert potent effects on GI function, fat intake is 
poorly controlled amongst the population, and this may be more pronounced in the 
obese state. Studies have shown obese individuals are less satiated following meals 
(90) and may require approximately 225 kcal more than lean individuals to reach 
fullness (91), which is possibly a consequence of disturbed appetite control. It has 
been suggested that poorly regulated mechanisms may reinforce overeating and 
thus encourage weight gain.   
 
Well established is that GI function may be modulated by previous dietary exposure 
in both animals (92) and humans, for example GI and hormonal responses are 
impaired following an extended 2-week high-fat induced diet (but not carbohydrate 
meals) (93) suggesting adaptation in the GI tract specific for fat consumption. 
Speechy et al. (94) have reported that exposure to high and low-fat preloads in 
obese and lean males later lead to a significant increase in food consumption at an 
ad libitum meal in obese subjects only, whereas lean study participants appeared 
more resistant to this type of phenomenon. Together these findings suggest that a 
high-fat diet, often characteristic of obesity, may limit the physiological ability to 
detect fat, and potentially underlie overconsumption of dietary fat.  
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1.10 Associations between oral and gastrointestinal fatty acid sensitivity  
In addition to an individual’s ability to detect fatty acids within the oral cavity, there 
is evidence to suggest that there are differences in GI fatty acid sensitivity between 
lean and obese humans, possibly influencing appetite (Figure 1.2). Interestingly, 
compelling data has shown not only attenuated fatty acid taste sensitivity, where a 
higher BMI is associated with impaired fatty acid taste sensitivity (6) but also 
antropyloroduodenal motility in obese men following an intraduodenal infusion of 
C18:1 which failed to stimulate pyloric pressures, whereas lean subjects studied 
under identical conditions experienced significant changes (20), as would be 
expected following GI fat exposure. Such differences may predict accelerated 
gastric emptying (which may then precipitate hunger or eating bouts), as has been 
observed in other obese subjects (95, 96).  
 
 
A plausible link between fatty acid taste sensitivity and perceived satiety has been 
identified, where following a high-fat meal, those classified as hyposensitive to 
C18:1 consumed more food at a subsequent buffet lunch meal, following a high-fat 
breakfast (21). This same effect was not seen following any other breakfast type, 
(high carbohydrate, high protein or a balanced macronutrient breakfast), suggesting 
those with impaired fatty acid sensing may be more susceptible to overconsumption  
of energy after eating a high-fat meal. Collectively, these data raise the possibility 
that an inability to sense fats (and consequently generate appropriate signalling 
responses which trigger the release of satiety factors) may exist and be associated 
with excessive food consumption. The GI tract appears to be responsive to changes 
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in fat intake, (perhaps as a result of a maladapted fatty acid sensing mechanism) 
and considering this, diet-induced changes may accompany, and perhaps encourage 
excess energy intake.  
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Figure 1.2: Fatty acid taste sensitivity in the oral cavity and gastrointestinal tract 
and proposed differences between lean and obese individuals (97). Fats in food are 
broken down into FFAs by lipase enzymes in the mouth, and interact with putative 
receptors within taste cells. Lean individuals may have an increased quantity of 
these receptors, compared to obese individuals. The presence of fatty acids in the 
mouth elicits the release of intracellular Ca2+ and neurotransmitter activation, 
eliciting a taste perception. In normal weight individuals, fat ingestion triggers the 
release of satiety hormones including grehlin, leptin, CCK, PYY, GLP-1, while 
comparatively, obese individuals have decreased expression of fatty acid specific 
receptors, impairing fat sensing ability, thereby increasing energy intake. 
 
 
1.11 Putative mechanisms underlying oral and gastrointestinal fatty acid 
sensing 
The way in which the oral cavity and GI tract sense fats has not yet been entirely 
established and searching for molecular mechanisms which underlie detection is an 
obvious goal. Similar to other tastes, it is thought that multiple putative mechanisms 
are responsible for fatty acid detection, with GPCRs, namely GPR40 and 120, the 
fatty acid transporter CD36 and lingual lipase present in saliva (19, 49-51) thought 
to play an important role, although much less is known about the mechanisms 
involved in comparison to other taste qualities. The identification of numerous 
pathways seems appropriate, given the diverse range of fatty acids present in the 
food supply, which differ in chain length and saturation. Fatty acid taste receptors 
present in the oral cavity have also been identified in the GI tract and like the lingual 
epithelium, are responsive to fatty acids, promoting the secretion of gut hormones 
and GI motility (19). Given that the oral cavity is the beginning of the alimentary 
canal, it seems fitting that identical sensing mechanisms would be expressed at both 
locations. Whether these putative receptors and lipase mechanisms work in 
isolation, or collectively in fatty acid detection is not yet understood and further 
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work is also required to exclusively determine the role of receptors and lipase in 
fatty acid taste sensitivity. 
 
1.11.1 Cluster of Differentiation 36   
Receiving considerable attention is the multifunctional translocase receptor, CD36 
which among its many roles is thought to function the uptake of fatty acids within 
the GI tract (98). CD36 has been localised to the apical side of the tongue in rats 
and mice, that is, to the cells lining the taste pores where they are directly exposed 
to fat stimuli (26, 99). It is therefore not surprising that several lines of evidence 
support the role of the CD36 in fatty acid taste sensitivity and fatty food preference. 
The strongest evidence in rodent models comes from authors who have identified 
that in CD36 knockout mice, preferences for dietary fats are abolished while 
expected preference for sweet sucrose and aversion to the bitter compound quinine 
remain (26), highlighting that CD36 effects are specific for dietary fat. Stimulation 
by both saturated and unsaturated long chain fatty acids CD36 in rodent TRCs leads 
to the secretion of Ca2+, coupled with a release in neurotransmitters (100), 
consistent with the cascade of events that trigger a taste perception. Advancing 
these findings, CD36 has also been located in the taste bud cells of humans subjects 
(101) and a growing body of work is now exploring its role in human taste. Recent 
strong evidence suggests that subjects with A/A alleles with a certain sequence 
variant of CD36 (rs1761667) showed a greater attraction for added fats and oils 
(56) while work from Pepino et al. (60) found than in a sample of obese subjects, 
those homozygous for the rs1761667 G-allele were also more sensitive to C18:1 
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compared with those homozygous for the A-allele, which associated with lower 
CD36 expression levels. More recent evidence in a Tunisian population reported 
similar findings (102) while in a study comparing obese and lean children, impaired 
fatty acid taste perception was present in obese individuals with CD36 A-allele 
frequency, compared to lean individuals (103). These findings are extremely 
promising, although much more work is needed to further validate the role of CD36 
in fatty acid taste perception and how it might govern intake of fatty foods.  
 
1.11.2 G-protein coupled receptors  
Similarly to the receptors involved in sensing other breakdown products such as 
sugars and proteins, GPCRs which bind a variety of fatty acids have been isolated 
in both the oral cavity and GI tract of animals (104). Perhaps the most convincing 
are the two GPCRs; GPR120 and GPR40, both of which have been located on taste 
receptor cells of rodents and thought to be essential for fatty acid detection (105). 
GPR40 may be specific to the detection of short and medium chain fatty acids as 
demonstrated by Cartoni et al. (23) who used GPR40 knockout mice to show 
diminished preference of fatty acid emulsions when compared to controls and 
similarly, it has been shown that GPR120 gene deletion in rats weakened nerve 
responses to acid stimulation and was associated with a diminished preference for 
fatty acids (105). Furthermore, medium and long chain fatty acid stimulation of 
GPR120 and GPR40 within the GI tract has been shown to activate the secretion of 
CCK and GLP-1, promoting insulin responses to regulate digestive processes and 
appetite (104, 106).  
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Compared to animal models, much less is known about the fatty acid sensing 
mechanisms in humans. Galindo et al. (107) has addressed this by concluding that 
GPR120 mRNA and protein are found in human taste tissue, although GPR40 may 
not be present. The latter was not able to be isolated from foliate papillae and should 
be revisited to conclusively confirm, or discount these findings. Moreover, 
potential correlations with fatty acid taste were also apparent, as determined 
through characterisation of ‘fatty’ perceptions of various fatty acids (as opposed to 
taste threshold measurements as used by Stewart et al. (7)) and found to be potent 
activators of GPR120 in vitro. Further work has shown that following isolation, 
GPR120 and CD36 were co-expressed on human taste cells, although their 
functional roles in fat detection are thought to differ. In this study, low 
concentrations of C18:2 acid initiated Ca2+ signalling via CD36, but not GPR120 
(100) perhaps suggesting that GPR120 could be involved in the strength of the 
signalling when high-fat foods are ingested, whereas CD36 is more likely to 
function in fat detection and recognition. While these findings do provide 
preliminary evidence regarding the presence of fat specific GPCRs on the human 
tongue, further research using stronger sensory methods, such as taste threshold 
determination is warranted to convincingly confirm the relationship with fatty acid 
taste sensitivity. Additionally, whether there is differential taste receptor expression 
in lean and obese individuals is yet to be investigated. 
 
1.11.3 Delayed rectifying potassium channels  
Delayed rectifying potassium (DRK) channels have been implicated in the 
transduction pathway of a variety of taste stimuli. A study by Gilbertson et al. (77) 
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found that polyunsaturated fatty acids slow down DRK polarisation on the foliate 
and circumvallate papillae taste cells, ultimately leading to fat detection. In obesity-
prone (O-M) rats, greater suppression of the potassium current of DRK channels 
was seen after dose analysis using C18:2. This suggests that prolonged 
depolarisation of the taste receptors may occur due to suppression of the channel’s 
ability to repolarise following an action potential (108).  
 
1.11.4 Lingual lipase 
In animals, salivary secretion of lingual lipase, an enzyme, is thought to be 
responsible for the chemical breakdown of triglycerides into FFAs, which are 
theoretically more capable of depolarising taste neurons and eliciting a taste 
perception. Kawai and Fushiki (109) reported that the inhibition of lingual lipase 
in mice significantly reduces their preference for lipids. In humans, the presence of 
lingual lipase has been identified (6, 110), although data has suggested that lipolytic 
activity may only be present in small amounts and there has been debate over 
whether sufficient concentrations of lingual lipase are produced as low 
concentrations of FFAs are normally found in most dietary fats (41), suggesting 
that lingual lipase may not be a requirement for human fatty acid detection. 
Kulkarni and Mattes (111) investigated this proposition where oral processing of 
fatty foods including almonds and coconut increased salivary fatty acid 
concentrations, and effects from these sources are sufficient to initiate gustatory 
signalling. 
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1.12 Possible determinants of oral and gastrointestinal fatty acid sensitivity  
1.12.1 Environmental factors   
At this stage, it remains unknown whether individuals are predisposed to a 
compromised oral fatty acid detecting ability or whether sensitivity is influenced 
by environmental factors, such as prolonged exposure to a high-fat diet, or liking 
for high-fat foods. In a Western society, high-fat foods are highly accessible and 
over consumed, vastly different to that of the hunter gather diet (5) and while the 
determinants of oral and GI fatty acids sensitivity remain unclear, it is suspected 
that environmental factors would contribute, as is the case for other orally detected 
compounds, including sodium  (112) and monosodium glutamate (MSG) (113). 
Prior work has highlighted the effects of acute sodium restriction / exposure, which 
has been linked to heightened or decreased sensitivity, respectively, with the same 
phenomena occurring with MSG (113). In a similar vein, the same phenomena is 
thought to exist with dietary fat, where intake has been associated with a decrease 
in oral sensitivity to fatty acids and consequently, a heightened preference for, and 
increased consumption of dietary fat as highlighted by Stewart and Keast (81) 
where in lean individuals, attenuated taste sensitivity follows after exposure to both 
a high-fat (45%) and low fat (<20%) diet over a 4-week periods. Additionally, diet 
induced hedonic shifts have also been reported by Mattes (114), where adherence 
to a 12-week low fat dietary regime decreased hedonic ratings of high-fat foods.  
 
It appears that like the oral cavity, the GI tract is also highly sensitive to changes in 
macronutrient composition of the diet. Acute periods of fat exposure (40% energy 
from fat) induces impairments in GI motility (115), while others have reported 
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accelerations in gastric emptying following a high-fat (45 - 52% energy) diet (116, 
117). While exposure to very high-fat percentages may not always represent real 
life situations, these data do suggest nutrient specific dietary modifications may be 
linked to attenuation of the regulatory mechanisms which may guide energy intake, 
and be linked to weight management.  
 
1.12.2 Genetic factors  
Not all of the population is susceptible to weight gain, and genetic predisposition 
may therefore account for differences in food consumption and dietary patterns 
(118). Other tastes have been shown to have, at least in part, a heritable component 
with the strongest and most extensive evidence for bitter taste perception. Well 
studied is the large variation in bitterness perception and the TAS2R38 gene which 
has been associated with sensitivity to the bitter compound phenylthiocarbamide 
(PTC) (119). Variability in bitter taste perception has been associated with specific 
dietary behaviours, where in young women, those with heightened bitter taste 
sensitivity had a lower preference for bitter foods and beverages including brussels 
sprouts, cabbage and coffee (73). It is unknown to what extent fatty acid taste 
sensitivity and fat preference is a heritable trait although, as with other tastants, 
there is marked individual variability in the oral detection of fatty acids over a range 
of milimolar concentrations, with detection thresholds ranging between 0.0056 -
3.4% (w/v) (0.02 - 100 mM) (64). As fat consumption varies between individuals, 
these differences are of interest.  
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The association between fatty acid sensitivity and obesity suggests that 
physiological signals or mechanisms control fat intake, including the CD36 
receptor which may modulate oral detection of fatty acids. Studies have suggested 
an association between polymorphisms in the CD36 gene, oral fat perception and 
fat preference in human subjects (56) although results were confined to a single 
American population and notably, only presence of polymorphisms, as opposed to 
taste receptor expression was reported in this study. Taste receptor expression, may 
be influenced by genetic makeup, or environmental factors including consumption 
of, or exposure to specific nutrients (22) and it is these changes in functionality 
which may play a role in food consumption patterns. A positive relationship has 
been observed whereby taste receptor expression level may influence taste 
sensitivity (120), for example, reduced CD36 mRNA and protein expression has 
been reported in the papillae of high-fat diet induced rats which may be associated 
with decreased sensitivity to fats (121). If a similar finding in human subjects is 
also apparent is yet to be investigated and, whether obese individuals have 
decreased expression of certain receptors and therefore blunted sensitivity to fats is 
currently unknown. Given these initial findings, however it seems plausible that 
screening for certain genotypes, including CD36 may identify those at greatest risk 
of overconsumption of fats and consequent development of chronic diseases. 
 
Research is limited regarding the expression of GI fatty acid receptors in obesity, 
however recent research from Little et al. (122) has demonstrated that transcript 
levels of fatty acid receptors are altered with increasing BMI, suggesting that these 
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changes may underlie decreased GI hormone responses to fat and impaired energy 
intake regulation in obesity. While this study provides strong evidence in support 
of genetic mechanisms guiding energy intake, if fatty acid receptors within the oral 
cavity are also altered in an obese state is yet to be investigated in human subjects. 
 
Aside from genetic predisposition, it has been suggested by Bolhuis et al. (180) that 
the magnitude of taste signals themselves may be sufficient in the initiation of 
satiation. For example, sweet taste orosensory exposure has been found to be 
associated with energy intake and satiation (ref), while salt taste exposure has been 
shown to induce greater food intake by as much as 34% (180), although the 
underlying mechanisms of these effects are not known. In regards to fatty acid taste 
sensitivity, it is believed suprathreshold perception of this taste does not exist (180). 
Fatty acid taste is measurable at detection threshold; at concentrations above this it 
is believed that chemical irritation and smell are involved in perception (180). As 
such, the taste of fat independent of gut activation is possibly minimal.   
 
1.12.3 Papillae density and 6-n-propylthiouracil (PROP) taster status  
Also thought to be under genetic control and possibly underlying fatty acid taste 
sensitivity is papillae density. Fungiform papillae density i.e. the number of papillae 
(and hence taste buds) present on the tongue varies between individuals and is 
indicative of taste function (123). Three different classes of ‘tasters’ have been 
established based on sensitivity to the synthetic bitter compound PROP, a well-
studied inherited characteristic; non-tasters, medium tasters and super tasters (124) 
Chapter 1 – Literature Review   
 
42 
 
and fungiform papillae density varies among these groups whereby density is 
correlated with taste sensitivity (125) although at this stage, it is unclear whether 
papillae density is related to consumption of specific foods. While the relationship 
between fungiform papillae density and fatty acid taste sensitivity is unknown, 
significant correlations have been observed with not only perceived PROP 
bitterness, but sweet (126) and salt taste (127) perception indicating that this 
relationship could extend to fatty acid taste perception and be under genetic control.  
 
Sensitivity to dietary fats may differ between PROP tasters and non-tasters (119). 
Genetic variation in the TAS2R38, that is, that receptor underlying PROP 
sensitivity has been well characterised, together with its influence on bitter food 
consumption (73). In regards to fats, literature suggests PROP supertasters are able 
to distinguish high-fat from low fat salad dressings (128) and are able to 
discriminate the fat content and creaminess of dairy foods more accurately than 
non-tasters (79). Importantly, it has been noted that PROP tasters are likely to be 
more perceptive to the textural cues associated with fats as opposed to ‘taste’ (129) 
emphasising the importance of well-controlled future studies. Despite the body of 
literature linking the role of the PROP phenotype to fat perception, it is also 
important to note the large number of conflicting studies making it difficult to 
establish conclusive findings where disparity between methodologies likely 
accounts for varying results. Conclusions from the literature should therefore be 
interpreted cautiously and this relationship cannot yet be exclusively confirmed. It 
is also plausible that additional factors other than PROP sensitivity guide this 
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association. For example, in a recent investigation by Melis et al. (55), it was 
demonstrated that while PROP responsiveness was associated with oral perception 
for C18:1, presence of the CD36 polymorphism rs1761667 was also associated 
with fat tasting ability, suggesting numerous genetic underpinnings, or other factors 
may guide this phenotype. It is therefore imperative to more conclusively define 
their roles.  
 
1.13 Conclusions  
Obesity is largely becoming an epidemic around the world and excessive fat 
consumption is a known contributor to weight gain. The proposition for a sixth taste 
responsive to fats is well supported by continually growing research in both animal 
and human models. Despite methodological differences, studies have identified 
fatty acids can be sensed by the oral cavity and differences in taste sensitivity may 
influence the consumption of, and preference for fatty foods, ultimately affecting 
weight gain and BMI status. The mechanisms underlying this relationship are yet 
to be elucidated although there appears to be a coordinated alimentary response to 
fatty acids where fatty acid taste sensitivity is associated with GI sensitivity, 
potentially influencing appetite regulation and food intake. There is a need to define 
the ways in which fatty sensing modulates energy intake and this will largely be 
the focus of future research. Environmental and genetic factors are strongly 
suspected although many gaps in knowledge still remain.  
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1.14 Thesis aim, objectives and hypotheses 
1.14.1 Overall aim and objectives  
The overall aim of this thesis was to extend the growing knowledge of fatty acid 
taste, including the methodology used to determine fatty acid taste sensitivity, and 
how sensitivity modulates energy intake and preference for fatty foods. The 
objectives of this thesis were: 
x To determine whether methodological approaches influence fatty acid taste 
thresholds.  
x To measure the effect of a prolonged low-fat diet (20% total fat) and 
Mediterranean diet (30 - 35% total fat) on satiety and energy intake, and 
whether fatty acid taste sensitivity plays a role in this relationship.  
x To measure fatty acid taste sensitivity and fatty food liking in monozygotic 
(MZ) and dizygotic (DZ) twin subjects. 
 
1.14.2 Hypotheses 
This thesis will test the following hypotheses: 
x Individual’s fatty acid taste thresholds will be consistent across common 
methodologies used to assess fatty acid taste, thereby allowing direct 
comparison of results between laboratories and research groups.  
x Consumption of a low-fat diet for a 10-week period will significantly 
increase fatty acid taste sensitivity to C18:1 and decrease energy intake, 
whereas, consumption of a Mediterranean diet (30 - 35% fat) will have no 
effect on fatty acid taste thresholds or energy intake.  
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x MZ subjects will be more similar in their preference for high-fat food, and 
in fatty acid taste thresholds than DZ subjects
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Materials, methods and measurements 
Components of this Chapter have been published as Haryono RY, Sprajcer, MA 
and Keast RSJ, ‘Measuring oral fatty acid thresholds, fat perception, fatty food 
liking and papillae density in humans’ Journal Visualized Experiments, Jun 4;(88), 
http://www.jove.com/video/51236/measuring-oral-fatty-acid-thresholds-fat-
perception-fatty-food-liking.  
 
2.1 Introduction 
Common materials, methods and measurements, including all sensory testing 
procedures used throughout this thesis are described within this Chapter. The 
methodology is also briefly outlined within each respective Chapter.  
 
2.2 Subjects   
Subjects were screened prior to study enrolment for eligibility. Demographic 
information including age, gender, height, weight, smoking status and food 
allergies and intolerances were collected (Appendix A). Subjects in all studies were 
aged between 18 - 70 years at the time of testing, were in good health, non-smokers 
and had no food allergies. Subjects in Studies 3a and 3b were monozygotic (MZ) 
or dizygotic (DZ) twin pairs. Prior to the commencement of the study, power 
calculations were conducted in Studies 1 and 2 to determine necessary sample size 
and are detailed within each respective Chapter.   
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2.2.1 Reimbursement  
Reimbursement was provided in the form of a Coles Myer Group (supermarket / 
department store) gift card. A $140 reimbursement was provided for Study 1, a 
$100 gift card for Study 2, and $15 gift card for Study 3a. No reimbursement was 
provided for those who participated in Study 3b.  
 
2.3 Ethics   
All studies were conducted according to the guidelines laid down by the 
Declaration of Helsinki and all procedures were approved by either the Deakin 
University Heath Ethics Committee or the Deakin University Human Research 
Ethics committee prior to commencement. Written informed consent was obtained 
from all subjects prior to participation and were free to withdraw at any time 
throughout the course of the study.  
 
2.4 Sensory testing  
Sensory testing was carried out in the Deakin University sensory laboratory, 
Burwood, Victoria, Australia within individualised booths. Participants were 
instructed to refrain from eating or drinking (excluding water) or using oral hygiene 
products (mouthwash, chewing gum and toothpaste) for a minimum of one hour 
prior to testing. In Study 2, dietary advice was conducted in a private room on the 
University campus. Study 3b was conducted in a multi-purpose event room at the 
2012 Twins Plus Festival, a one day event held at Caulfield Racecourse, 
Melbourne, Victoria, Australia.  
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2.4.1 Fatty acid solutions – materials  
Milk based solutions  
In order to determine an individual’s fatty acid taste sensitivity, milk-based 
solutions containing oleic acid (C18:1) were prepared. The typical procedure 
involved presenting a participant with a set of three emulsified fatty acid and 
control (no-fatty acid) solutions, where the single fatty acid containing sample was 
to be identified.  
 
A liquid emulsion was composed of the following; 5% (w/v) food grade gum arabic 
(Agrigum, Deltagen, Boronia, Victoria, Australia or TIC Gums, Alchemy 
Agencies, Parramatta, New South Wales) and 5% (w/v) liquid paraffin (Faulding 
Remedies, Virginia, Queensland, Australia) to minimise any textural, lubricity or 
viscosity cues that fatty acids may impart, 0.01% (w/v) ethylenediaminetetraacetic 
acid (EDTA; Merck, Darmstadt, Germany) to minimise oxidation of fatty acids and 
no-fat ultra-heat treated (UHT) milk (Devondale, Cobram, Victoria, Australia). 
C18:1 was chosen as the test stimulus as it is most commonly found in the food 
supply, liquid at room temperature and therefore convenient to use, and has been 
used in  prior studies (6, 20).  
 
The following methodology outlines the procedure and quantities for testing 1-2 
subjects. In a 3 L glass beaker, 100 g gum arabic, 200 mg EDTA and 2 L non-fat 
UHT milk were added and homogenised for 30 seconds per 100 mL liquid. A series 
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of 13 fatty acid concentrations were then prepared. Five millilitres liquid paraffin 
was combined with C18:1 (Sigma Aldrich, Missouri, USA) at a specific 
concentration; 0.02, 0.06, 1, 1.4, 2, 2.8, 3.8, 5, 6.4, 8, 9.8, 12 or 20 mM (0.00056, 
0.0016, 0.028, 0.039, 0.056, 0.079, 0.1, 0.14, 0.18, 0.27, 0.22 and 0.34% w/v) in 
250 mL glass beakers. These concentrations were based on prior investigations 
which have reliably and repeatedly determined fatty acid detection thresholds (64), 
and were not expected to cause oral irritation. After use, the C18:1 container was 
filled with nitrogen (N2) to minimise oxidation and stored below 4°C. One hundred 
millilitres of the gum and milk mixture was added to each beaker and each solution 
was homogenised for 30 seconds per 100 mL of solution at 12000 rpm. To prepare 
the control solution, the same procedure was followed, but without the addition of 
C18:1. As the homogenisation process raises the temperature of the solutions, all 
samples were allowed to stand for a minimum of one hour to reach room 
temperature (20 ± 0.1°C). The temperature of all samples were tested with an 
infrared thermometer (Rowe Scientific, Doveton, Victoria, Australia) prior to 
serving and all samples were prepared freshly on the day of testing. Samples were 
also taste tested by the researcher in accordance with standard laboratory 
procedures.  
 
Deionised water solutions 
Deionised water based solutions were prepared for Study 1 which aimed to 
compare two stimulus vehicles for fatty acid taste sensitivity testing. Samples were 
prepared based on methods outlined by Tucker and Mattes (62) and similar to those 
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used for UHT milk emulsions. A stable emulsion consisting of 5% (w/v) C18:1 
(Sigma Aldrich, Missouri, USA) was prepared in a 3 L glass beaker using deionised 
water as a base. Twelve percent gum arabic (Pre-hydrated FT Powder, TIC Gums, 
Alchemy Agencies, Parramatta, New South Wales), 0.01% (w/v) xanthan gum 
(Lotus Food Pty Ltd, Cheltenham, Victoria, Australia) and 0.01% EDTA (w/v) 
(Merck, Darmstadt, Germany) were added. As fatty acids are poorly soluble in 
water, a higher percentage of gum arabic was used in comparison to milk solutions, 
in addition to the xanthan gum, which also maximised emulsion stability. The 
solution was homogenised for approximately 30 seconds per 100 mL (Silverston, 
Longmedow, Massachusetts, USA). From the stock solution, 17 quarter log (base 
10) step dilutions were created (0.01, 0.02, 0.03, 0.06, 0.1, 0.2. 0.3, 0.6, 1, 1.8, 3.2, 
5.7, 10.1, 17.9, 31.9, 56.8, 101.1 and 180 mM). After use, the C18:1 container was 
filled with N2 to minimise oxidation and stored below 4°C. A control vehicle was 
also prepared which contained all ingredients except the stock solution. All samples 
were prepared freshly on the day of testing and served at room temperature.   
 
2.4.2 Fatty acid taste sensitivity – measurements   
A three alternative forced choice (3-AFC) triangle test (Figure 2.1) was used to 
determine a participant’s C18:1 detection threshold, that is the lowest point at 
which a stimulus (in this case C18:1) could be detected within solution. Participants 
were presented with a set of three 15 mL solutions in plastic medicine cups 
(MedShop Australia, Preston, Victoria, Australia) where two were control samples 
(no-fatty acid) and one contained a fatty acid solution at a given concentration. 
Samples were presented in a randomised order and labelled with a random three 
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digit code to assist the researcher with identifying the samples. If the control 
samples were labelled A and the fatty acid samples as B, all possible orders could 
be presented as AAB, BAA or ABA. Samples were presented in an ascending 
fashion, starting with the solution containing the lowest concentration of C18:1 (in 
the case of the milk based samples this was 0.02 mM and for water samples this 
was 0.01 mM). Participants were provided with verbal instructions to first rinse 
their mouth with deionised water. Subjects were informed that two samples were 
the same, and one was different, and that the task was to identify the different 
sample three times in a row. While wearing nose clips, samples were to be tasted 
from left to right, by placing the solution in the mouth, swishing it around to coat 
the mouth and expectorating the sample into the sink. Subjects were asked to rinse 
their mouth after each set of three samples. Once all samples were tasted, the 
participant was asked to pick the one which was different to the other two, and to 
push this cup forward on the tray. If the subject was unsure, they were still required 
to pick one of the samples. If a correct response was given, a second tray was 
provided containing the same C18:1 concentration. However, if a participant was 
unable to correctly identify the odd sample, a second tray containing the next 
highest concentration of C18:1 was provided, for example 0.06 mM. A detection 
threshold was reached once a participant was able to identify a concentration three 
consecutive times. For example, if a participant was able to taste and correctly 
identify 0.06mM fatty acid solution three times, this would be deemed their 
detection threshold. Responses were collected by the researcher (Appendix B and 
C). Given the 3-AFC procedure has a 3.7% probability of guessing 3 trials correctly 
at the same concentration, it is considered a statistically robust method.  
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2.4.3 Fat ranking task – materials and methods  
A fat ranking task was designed to evaluate subjects’ ability to detect fat in a typical 
food matrix and to determine the relationship between fatty acid taste sensitivity 
and fat perception. Instant custard was prepared with 40 g instant custard powder 
(Cerebos Ltd, Seven Hills, New South Wales, Australia), 12.5 g caster sugar (CSR, 
Yarraville, Victoria, Australia) and 500 mL no-fat UHT milk (Devondale, 
Cobram, Victoria, Australia) and heated in a 1400 watt standard kitchen 
microwave on high power for approximately 3 minutes in 30 second intervals, or 
until thick. The mixture was allowed to cool, before being divided into four 100 g 
Figure 2.1:  3-AFC methodology used to determine fatty acid taste sensitivity. As 
depicted, participants began with the lowest concentration of C18:1 (e.g. 0.02 mM), 
alongside two control samples. Participants were instructed to select the ‘odd’ sample 
which contained a fixed concentration of fatty acid. If a participant was incorrect in their 
identification, a second set of solutions was provided with the next highest concentration 
of C18:1, for example 0.06 mM. If correct however, a second set was provided with the 
same concentration as the preceding tray. Testing ceased once a participant was correctly 
able to identify the same concentration of C18:1 three consecutive times. 
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batches and 2 mL, 6 mL or 10 mL vegetable oil (Coles, Hawthorn, Victoria, 
Australia) added to three of the batches to achieve fat contents of 2%, 6% and 10% 
oil, respectively. One batch remained fat-free (0%). Textural differences between 
samples were be eliminated by adding liquid paraffin in varying amounts, 
depending on the fat content of the custard (see Table 2.1). Samples were 
vigorously stirred until well combined and visibly homogenous.  
 
Table 2.1: Canola oil and paraffin amounts (mL) used in custard samples for the 
fat ranking task 
Fat content (%) Canola oil (mL / 100g) Paraffin (mL / 100g) 
0 0 10 
2 2 8 
6 6 4 
10 10 0 
 
2.4.4 Fat ranking task – measurements  
Subjects were presented with 20 g of each custard in plastic portion cups on a 
serving tray. Samples were randomised with three digit codes for identification and 
blinding, and presented in randomised order. Participants were asked to taste and 
swallow each sample and rank them in ascending order according to their perceived 
fat content, where 1= least fatty and 4= most fatty (Appendix D). Samples were 
able to be tasted as many times as desired. Depending on the order, all subjects 
received a score out of 5 for this task, based on previous studies (81) (Table 2.2). 
If a subject placed the highest (10%) and lowest (0%) samples next to each other, 
they received a score of 0. Nose clips were not worn for this task and followed 
C18:1 threshold testing.  
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Table 2.2: Combinations of fat percentages used in the fat ranking task and 
associated scores. 
 
 
 
 
 
 
 
 
During the fat ranking task, subjects received a score out of 5, based on a ranking 
of four different custards. If a subject placed the highest and lowest custards next 
to each other, they were awarded zero.   
 
2.4.5 Hedonic ratings – materials and methods  
Regular and lowered fat foods  
Hedonic ratings of regular and low-fat foods were assessed to determine liking in 
Studies 2 and 3a. The foods tested differed slightly for each study, although in 
both studies participants were presented with one regular fat (RF) and one low-fat 
(LF) sample of a number of commercially available foods including; savoury 
crackers (RF: Savoy, LF: Savoy 97% fat free, Arnotts Biscuits Limited, Strathfield, 
New South Wales, Australia), hummus dip (RF: Black Swan, LF: Black Swan 
Skinny, Poseidon Tamara Pty Ltd, Clayton South, Victoria, Australia), peanut 
butter (RF: Kraft, LF: Kraft Light, Mondelez, South Wharf, Victoria, Australia), 
cheese (RF: Coles Tasty Cheese, LF: Coles Light Tasty Cheese, Coles, Hawthorn, 
Victoria, Australia), salad dressing (RF: Praise French, LF: Praise French fat free, 
Combinations (%) Score 
0, 2, 6, 10 5 
2, 0, 6, 10 4 
0, 2, 10, 6 3 
0, 6, 2, 10 2 
1, 6, 10, 2 1 
6, 0, 2, 10 1 
2, 10, 6, 0 1 
2, 6, 0, 10 0 
6, 2, 10, 0 0 
0, 10, 2, 6 0 
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Goodman Fielder, North Ryde, New South Wales, Australia), cream cheese (RF: 
Philadelphia Spreadable Cream Cheese Original; LF: Philadelphia Spreadable 
Cream Cheese Extra Light, Kraft Foods Limited, South Wharf, Victoria, Australia), 
chocolate mousse (RF: Nestle Chocolate Mousse; LF: Nestle Diet Chocolate 
Mousse, Nestle, Fonterra Brands, Auckland, New Zealand) and vanilla yoghurt 
(RF: Yoplait Creamy Original Vanilla yoghurt; LF: Yoplait Creamy Light Vanilla 
yoghurt, National Foods, Docklands, Victoria, Australia). A comparison of fat 
content between LF and RF foods is shown in Table 2.3.  
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Table 2.3: Regular and lowered fat foods used for hedonic assessment 
 
  
Food Fat 
(g)/serve  
Fat (g)/100g Amount offered  
Plain savoury cracker  1.7/25 g 6.9 1 biscuit  
Plain savoury cracker 97% fat 
free 
0.5/25 g 2.1 1 biscuit 
Peanut butter  10.3/20 g 51.5 10 g 
Peanut butter light  7.3/20 g 37.6 10 g 
Hummus dip 2.3/10 g 23.3 10 g 
Skinny hummus dip  1.4/10 g 13.9 10 g 
French salad dressing 3.6/20 mL 18.2 20 mL 
French salad dressing fat free  Nil Nil 20 mL 
Tasty cheese 8.4/25 g 33.7 20 g 
Light tasty cheese  6.0/25 g 24.0 20 g 
Cream cheese spread 6.4/25 g 25.6 10 g 
Light cream cheese spread 3.4/25 g 13.6 10 g 
Chocolate mousse 7.3/62 g 11.8 10 g 
Vanilla yoghurt  5.4/150 g 3.4 10 g 
Reduced fat vanilla yoghurt 2.7/150 g 1.8 10 g 
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No-fat and high-fat custard 
Liking for no-fat and high-fat custard was determined in Study 3 to assess fatty 
food liking in twin pairs. Two types of food matrices (chocolate custard) were 
prepared on the morning of testing; a no-fat (0%) custard and a high-fat (15%) 
custard. One hundred grams instant custard powder (Foster Clark, Cerebos Ltd, 
Seven Hills, New South Wales, Australia), 50 g castor sugar (CSR, Yarraville, 
Victoria, Australia) and 100 g cocoa powder (Nestle, Rhodes, New South Wales, 
Australia) were combined with 1L no-fat UHT milk (Devondale, Cobram, 
Victoria, Australia). The custard was cooked on a conventional gas stovetop in a 
3 L capacity metal saucepan over medium heat until thick (approximately 5 
minutes) and 20 g caramel syrup (Coles, Hawthorn, Victoria, Australia) added for 
flavour. Cooled custard was separated into two batches and 15% of the total weight 
added in canola oil (Coles, Hawthorn, Victoria, Australia) to one of the batches to 
create the 15% fat sample. The no-fat custard remained fat free.  
 
2.4.6 Hedonic ratings – measurements 
Various measurements to assess liking for regular and lowered fat foods were used 
in this thesis. For all methods, subjects were provided with one high and one low / 
lowered fat sample on a plastic serving tray, presented either on a serviette or in a 
plastic medicine cup. Subjects were informed that they would be tasting two 
varieties of various commercially available foods, but were not advised that the 
foods differed in fat content. All samples were presented in a randomised order on 
plastic serving trays and labelled with a 3 digit code for identification and blinding. 
Food requiring refrigeration (hummus, cheese, chocolate mousse and yoghurt) 
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were presented at 4°C. Hedonic tests were carried out without the use of nose clips 
and following C18:1 taste threshold and fat perception tasks. Participants were 
instructed to taste and ingest as much or as little of the sample as desired and to rate 
their liking on either a 9 point hedonic scale, 5-point smiley face scale (Studies 3a 
and 3b) or hedonic general labelled magnitude scale (HgLMS) (Study 2).  
  
Hedonic general labelled magnitude scale (HgLMS)  
The HgLMS is used for assessing liking in the context of the strongest imaginable 
liking/disliking of any kind (130). Subjects in Study 2 rated liking of RF and LF 
foods by placing a mark on a 150 mm long horizontal hedonic general Labelled 
Magnitude Scale (gLMS). Considering the scale to be 100 units, descriptors are 
placed at the following points; 0; neutral; ±6; weak; ±17; moderate; ±35; strong; 
±54; very strong and ±100; strongest imaginable (Appendix E). The scale was used 
in the context of all experiences, where the ‘strongest imaginable’ like or dislike 
was emphasised, which is a known strength of the 9-point hedonic scale. While this 
allows for enhanced discrimination between products, participants require some 
form of additional understanding or knowledge of the scale prior to use. 
Participants were instructed to place a vertical line at the point they felt represented 
their like or dislike of that particular food or beverage and if they had not consumed 
a particular food or beverage before, to rate it as neutral (0).  
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9-point hedonic scale 
Participants in Study 3a, and twin participants aged between 11 and over in Study 
3b rated liking of various foods on a 9-point hedonic scale ranging from 1= 
extremely dislike to 9= extremely like, assuming equal spacing (131, 132) 
(Appendix F). The 9-point hedonic scale was implemented for its recognised 
simplicity (due to limited liking / disliking categories) and ease of use in various 
study populations. Despite this, limitations of the 9-point hedonic scale in sensory 
studies have been reported; while easy to use, limited response options may limit 
subject freedom when expressing like or dislike of a particular product and end 
scale avoidance may reduce the scale to a 7-point scale (133).    
 
5-point smiley face hedonic scale  
Monozygotic (MZ) and dizygotic (DZ) twin participants aged between 4-10 years 
utilised a child friendly 5-point smiley face hedonic scale in Study 3 (Appendix 
G). The participant was shown a scale of 5 different faces and the researcher 
explained what each face represented (1= extremely dislike, 2= dislike, neither like 
nor dislike, 4= like, and 5= extremely like). This type of procedure has been used 
and validated by others (133).  
 
2.4.7 6-n-propylthiouracil (PROP) taste sensitivity – materials and methods  
6-n-propylthiouracil (PROP) taste sensitivity was measured as a general marker of 
genetic taste sensitivity, and as previous authors have indicated that PROP 
sensitivity may also be related to fat perception, where heightened sensitivity may 
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lead to increased fat perception ability. Using methods outlined by Zhao, Kirkmyer 
and Tepper (134) PROP soaked filter paper squares (2 x 2.5 cm) were prepared by 
dissolving 8.5 g PROP powder (50 mM solution) in boiling water (100º C) on a 
stirring hotplate. Filter paper was soaked for 30 seconds and removed from the 
solution. The squares were placed in a single layer on a baking paper lined oven 
tray and allowed to dry in a conventional oven at a temperature of 120º C for 
approximately 20 minutes. Samples were then cooled to room temperature, 
individually enclosed in plastic wrap and stored under air tight conditions. 
 
2.4.8 6-n-propylthiouracil (PROP) taste sensitivity – measurements  
Subjects were offered the PROP paper and asked to place it on the centre of the 
tongue for approximately 5-10 seconds (or until sufficiently moistened by saliva) 
after which they were required to rate the bitterness intensity on a gLMS, with 
descriptors ranging from ‘barely detectable’ to ‘strongest imaginable’. Considering 
the scale was 100 units, descriptors were placed at the following points; 0; neutral; 
±1.4; barely detectable; ±6; weak; ±17; moderate; ±35; strong; ±54; very strong 
and ±100; strongest imaginable (Appendix H). The gLMS is used to rate intensity 
across a range of sensations, not just taste (135) and to ensure accurate comparisons 
across individuals, participants underwent training where examples of each of these 
descriptors were verbally provided to the participant. For example, the ‘strongest 
imaginable’ sensation was described as the worst possible experience, such as the 
pain caused if a dentist drilled a hole in your tooth without anaesthetic, between 
strong and very strong was described as the heat of a hot chilli pepper, ‘moderate’ 
was labelled as the heat of a hot tea or coffee, while a ‘barely detectable’ sensation 
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was described as the taste of paper. In Study 3a, PROP intensity was rated on a 
LMS (135), which differs from the gLMS in that bitter intensity was rated in the 
context of the most bitter experience. The LMS was used in this Study 3a given 
young children were required to rate bitter intensity and understanding of the gLMS 
was considered too complex for this study population.    
 
2.4.9 Papillae density – materials and methods  
Tongue photography was employed to establish links with papillae density and 
taste measures in Study 2. A camera with macro mode (Nikon AF-S VR Micro 
Nikkor 105-mm f/2.8G IF-ED, Nikon Australia Pty. Ltd, Rhodes, New South 
Wales, Australia) appropriate for close up photography and tripod (SLIK 
Corporation, SBH100DQ tripod, Hidaka City, Saitama, Japan) were set up, using 
regular indoor lighting. A standard hole punch was used to create a 6 mm diameter 
circle on a 1.5 cm x 1.5 cm square of filter paper and labelled with the participant's 
study identification number. In a 50 mL beaker, blue food colouring was combined 
with deionised water at a 1:20 ratio. Using masking tape, a 20 cm x 30 cm rectangle 
was marked on the side of the testing table at regular desk height.  Participants were 
required to sit in a specific position for this task. Participants placed their elbows 
on the marked corners of the rectangle and rested their chin in their palms, before 
protruding their tongue, using the lips to steady this position. The participant was 
asked to remain in this position for the duration of the testing. Using a rectangular 
(1.5 cm x 3 cm) strip of filter paper, the bottom portion of the tongue was dried. A 
cotton bud stained with the blue food colouring / water solution was transferred a 
small amount of dye onto the anterior dorsal surface of tongue, immediately right 
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of the midline point and close to the tip. The tongue was dried for a second time 
with filter paper. Using tweezers sterilised with food grade ethanol, the pre-labelled 
1.5 cm2 filter paper was placed onto the participant's tongue, with the 6 mm hole 
over the blue food colouring (see Figure 2.2).  
 
 
Figure 2.2: Quantifying fungiform papillae density. Location of the 6-mm area 
for fungiform papillae assessment. Using photography editing software, red 
numerical figures indicate each fungiform papilla. 
 
2.4.10 Papillae density – measurements  
Using flash, three-digital photographs were taken. For confidentiality, only the 
participant's mouth and tongue were visible. The photographs were uploaded to 
Adobe Photoshop (Adobe Systems Inc., San Jose, CA, USA) and using the zoom 
function, visible fungiform papillae were manually counted using the count tool to 
ensure each papillae were counted a single time. Fungiform papillae were 
differentiated from other papillae as larger mushroom shaped, elevated structures 
(136) which were stained lightly with the blue food colouring (Figure 2.2).   
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2.5 Anthropometry 
Height and weight measurements were collected from all subjects to determine 
body mass index (BMI). Participants were asked to remove shoes, heavy clothing 
(e.g. thick jumpers, jackets) and items from pockets (mobile phone, keys and 
wallet) to ensure accurate measurements. Weight was measured (to the nearest 0.1 
kg) using dedicated scales (Tanita Body Scan Composition Monitor Scales, 
Cloverdale, Western Australia, Australia) and height was measured to the nearest 
centimetre (±0.1 mm) using a free standing stadiometer (Seca, MedShop Australia, 
Fairfield, Victoria, Australia). Based on these values, BMI was calculated using the 
following equation; weight (kg) / height (m2). Using standard BMI definitions (137) 
participants were categorised as underweight (<18.5 kg/m2), normal weight (18.5 
– 24.9 kg/m2), overweight (≥ 25.0 – 29.9 kg/m2) or obese (≥ 30.0 kg/m2).  
 
2.6 Like - Dislike Questionnaire – materials and methods  
Twin pairs in Study 3a were asked to complete a Like - Dislike Questionnaire 
which assessed dietary preference, previously validated and used to reliably predict 
chronic disease risk (130). Twin pairs were instructed to rate their like or dislike of 
23 food and beverage items (including a section for fatty foods (e.g. butter, hot 
chips, cookies, fried chicken, sausage) (Appendix I) by placing a mark on a 150 
mm horizontal HgLMS, as described previously in this Chapter. In addition, 
participants were also required to rate 11 non-food items (common experiences 
such as ‘smell of cut grass’, ‘glare of headlights’ and ‘sound of a child laughing’) 
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to encourage the scale to be used in the context of all sensations, not solely foods 
and beverages. This also ensured the scale ends represented the strongest like or 
dislike. For example, participants were told ‘if you like the smell of cut grass more 
than you like blueberries, please rate this higher on the scale’. Participants were 
instructed to place a vertical line at the point they felt represented their like or 
dislike of that particular food or beverage and if they had not consumed a particular 
food or beverage before, to rate it as neutral (0).  
 
2.7 Habitual energy and macronutrient consumption  
2.7.1 Diet diary – materials and methods  
Subjects were required to complete diet diaries (Appendix J) in studies 1 and 2 to 
assess normal energy and macronutrient intakes, or to assess dietary compliance / 
food intake. Subjects were asked to record all foods consumed in a single 24 hour 
period and in as much detail as possible. Participants were asked to weigh or 
measure amounts consumed using standard measuring cups, or common serving 
sizes (e.g. 1 cup milk, 0.5 cup cereal). Specific details were also to be reported 
including the brand of food (e.g. Helga’s bread), the type used (e.g. white, 
wholemeal or multigrain bread), whether fat was added (e.g. butter, margarine or 
olive oil) and the method of cooking (e.g. baking, steaming, grilling frying). If food 
was consumed from a recipe, subjects were to include the recipe and all its 
ingredients, approximate number of servings (e.g. four serves) and state how much 
of the recipe was consumed (e.g. one serve). Diet diaries were entered by the 
researcher into FoodWorks Version 7 (Xyris Software, Highgate Hill, Queensland, 
Australia). From this data, the mean energy intake (kilojoules; kJ) and 
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macronutrient contributions (% energy and grams from fat, protein and 
carbohydrate) were calculated and compliance checked. 
 
2.7.2 Dietary Questionnaire for Epidemiological Studies  
The Dietary Questionnaire for Epidemiological Studies version 2 (DQESV2) was 
used to assess dietary intake over the previous 12 months, and was used in Study 
1. The validated Food Frequency Questionnaire (138) assessed the following 
categories; cereals, sweets and snacks, dairy products, meats and fish, fruit and 
vegetables and alcoholic beverages across 74 items with 10 frequency response 
options ranging from 'never' to '3 or more times per day' (Appendix K). Using 
software based on the Australian Nutrient Tables (NUTTAB) 1995 food 
composition database, analysis was carried out by the Cancer Council, Victoria, 
Australia to assess daily energy and macronutrient intakes.  
 
2.8 Three Factor Eating Questionnaire  
As Study 2 contained an eating component, restrained eating was assessed using 
Factor 1 of the Three Factor Eating Questionnaire (79). Restrained eaters are 
concerned with weight, food and dieting and what is eaten is often determined by 
the desire to both eat and diet (88). Subjects answered questions relating to their 
eating habits and feelings towards eating, for example ’I deliberately take small 
helpings as a means of controlling my weight’ (Appendix L). Depending on the 
answer to each question, subjects received either 0 or 1 and those who scored over 
12 were classified as restrained eaters were removed from the final data set.  
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2.9 Measures of satiety  
2.9.1 Perceived satiety - materials and methods 
Perceived satiety was measured using a satiety questionnaire (Appendix M). 
Participants were asked to rate common appetite perceptions with frequently used 
questions including hunger, fullness, desire to eat and prospective food 
consumption (20, 139) on a 100 mm visual analogue scale (VAS) anchored at each 
end with descriptors such as ‘not hungry at all’ at one end and ‘very hungry’ at the 
other (140).  
 
2.9.2 Perceived satiety – measurements  
Satiety was assessed at various time points; prior to and following consumption of 
a breakfast meal and prior to and following a buffet lunch provided in Study 2. For 
each question, the participant placed a vertical mark on the scale where they 
considered most appropriate to indicate perceived hunger or fullness as required.  
 
2.9.3 Behavioural satiety – materials and methods  
Participants were presented with a buffet style lunch with the aim of assessing food 
intake. Foods including pasta bake, hot chips, garden salad, tinned peaches, 
chocolate bars and nachos were individually presented on a large serving tray to 
the participant, and was in excess of what the participant was expected to consume 
in a single meal (9034 kJ). The foods chosen were based on those used in a similar 
study (21) which were generally well-liked and which were expected to be 
consumed. The amount of food presented was weighed in grams (g) to a set value 
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(Table 2.4). The plate was given to the subject in a laboratory, social setting and 
were given instructions to eat until comfortably full.  
Table 2.4: Foods and energy content presented at the buffet meal    
Subjects were presented with a pre-weighed buffet meal to quantify energy intake 
prior to, and following a dietary intervention. Foods were: pasta bake (pasta (Coles, 
Hawthorn, Victoria); tomato based sauce (Dolmio Extra, Mars foods, Wyong, New 
South Wales, Australia), tasty cheese (Coles, Hawthorn, Victoria, Australia), 
mushrooms, garlic, basil); hot chips (Coles, Hawthorn, Victoria, Australia); tomato 
sauce, Masterfoods, Mars Foods Australia, Penrose, Auckland, NZ); potato and 
leek soup (potato, leek, onion, chicken stock (Continental, Unilever, Epping, New 
South Wales, Australia), thickened cream (Coles, Hawthorn, Victoria, Australia), 
nachos (corn chips, mild salsa, tasty cheese (Coles, Hawthorn, Victoria, Australia), 
garden salad (cucumber, carrot, lettuce, tomato, French dressing (Praise, Goodman 
Fielder, North Ryde, New South Wales, Australia)); tinned peaches (Goulburn 
Valley, SPC Ardmona, Shepparton, Victoria, Australia) and Mars Bars (Mars 
Chocolate, Ballarat, Victoria, Australia).  
 
  
Food item Amount presented (g) Energy (kJ) 
Pasta bake 300 2718 
Hot chips 150 1780 
Tomato sauce  15 87 
Potato and leek soup 350 933 
Nachos 120 1809 
Garden salad with dressing 112 155 
Tinned peaches 150 534 
Chocolate bars 54 1026 
Tap water 
 
TOTAL 
200 
 
1451 
0 
 
9034 
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2.9.4 Behavioural satiety – measurements 
Once a participant had indicated they were finished eating, plate waste was 
removed from the table and weighed using standard kitchen scales (Soehnle, 
Murrhardt, Germany). Each food item was weighed individually and recorded by 
the researcher (Appendix N). Food intake (g) was calculated using the equation: 
food intake= amount presented – amount remaining. These values were then 
entered into FoodWorks (Xyris Software, Highgate Hill, Queensland, Australia) to 
calculate energy (kJ) and total grams (g) of food consumed at the buffet meal. For 
any foods using a recipe (pasta bake, potato and leek soup and nachos), all 
ingredients and amounts used were entered as a recipe to calculate food 
composition.   
 
2.10 Dietary interventions 
In Study 2, subjects were placed on either a low-fat or Mediterranean dietary 
regime. A private 30 - 45 minute face-to-face dietary counselling session was given 
prior to beginning the diet, run by a trained nutrition researcher. In these sessions, 
a booklet compiled by a practicing dietitian was provided to the participant which 
contained all necessary information needed to follow the diet (low-fat diet: 
Appendix P and Mediterranean diet: Appendix Q), including the types of foods 
which should be eaten or excluded, how many portions or serves should be 
consumed, suitable alternatives, how to incorporate the necessary foods in the diet 
and recipe ideas.  
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2.10.1 Low-fat diet                                                                                        
Subjects placed on the low-fat diet were required to limit dietary fat consumption 
to <20% total energy. To achieve this, participants were asked to adhere to the 
following; discontinue the use of all discretionary fats (e.g. cooking oil, butter, 
margarine, mayonnaise and high-fat salad dressings), swap all high-fat foods for 
low-fat alternatives (e.g. regular fat dairy milk for no-fat dairy milk), trim all visible 
fat off meat and poultry and discontinue the consumption of high-fat snack foods 
(nuts, chocolate, potato chips). Avocado, a known source of monounsaturated fat 
(141) was also to be excluded from the diet. Participants were informed that many 
foods which were to be excluded from the diet would normally be recommended 
as part of a normal, healthy dietary pattern, but for the purpose of this particular 
study, they were to be excluded for the 10-week study period.  
 
Participants were encouraged to follow a healthy eating pattern including 
consumption of the following per day; two serves of fruit and five serves of 
vegetables, one serve of protein based foods (including legumes, poultry and lean 
red meat), three serves of low or no-fat dairy products and a maximum of five 
serves of wholegrain breads and cereals. Participants were also given additional 
foods to assist with compliance including three low-fat, portion controlled meals 
(Lean Cuisine, Simplot, Victoria, Australia) per week which were able to be 
consumed for either lunch or dinner. Canola and olive oil (Coles, Hawthorn, 
Victoria, Australia) cooking sprays were provided to encourage participants to limit 
oil consumption, and low-fat rice crackers (Sakata Biscuits Pty Ltd, Laverton 
North, Victoria, Australia) and corn based snacks (Corn Thins, Real Foods, St 
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Peters, New South Wales, Australia) were also provided as snacks. Participants 
received phone calls on a weekly basis as a means of checking compliance and 
assist with dietary modifications.  
 
2.10.2 Mediterranean diet  
Subjects allocated to this diet were asked to follow a traditional Mediterranean 
pattern of eating which is typically characterised by a high intake of olive oil, fruits 
and vegetables, nuts and unrefined cereals with energy consumption from 
monounsaturated sources contributing to around 30 - 35% total energy (142). The 
Mediterranean diet was chosen to represent a standard moderate fat diet, and used 
as a control diet, with a noticeably higher fat percentage to the low-fat diet. 
Participants were instructed to swap all discretionary fat sources (butter, margarine, 
canola, vegetable and any other oils) to olive oil only which they were encouraged 
to use olive oil in cooking and dressing salads on a daily basis (approximately 50 g 
or four tablespoons per day). Other guidelines were to consume the following; 
legumes (beans, chickpeas, lentils) at least three times per week, one serve (30 g) 
of raw, unsalted nuts daily, one serve (150 g) fish and other seafood at least three 
times per week, swap red meat (beef and lamb) for poultry, consume wholegrain 
breads and cereals (as opposed to white based sources), swap high-fat dairy for 
reduced-fat dairy and cook with tomato based sauces where possible. Participants 
were asked to avoid red and processed meats, take away food and any processed 
sweet and savoury snack foods. Additional guidelines were that any meat or poultry 
that was consumed was to have the skin or excess fat removed, and soft drinks, ice 
tea, cordial or fruits juices should be limited and replaced with water only. Alcohol 
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consumption was optional, with red wine encouraged over other alcoholic 
beverages.
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Study 1: Comparison of fatty acid taste threshold 
methodologies 
 
3.1  Introduction  
The evidence supporting fatty acid taste sensitivity, independent from olfactory or 
textural cues is growing (6, 10, 13, 59, 60, 143). Taste function is typically 
determined indirectly by threshold measurements (144, 145) and in numerous 
studies classification of fatty acid taste sensitivity relies mainly on detection 
thresholds, that is, the point at which an individual can detect the presence of fatty 
acid in solution (6).  This is one approach for assessing gustatory function, and the 
numbers derived are a result of the type of sensory methodology employed and the 
medium in which they are tested (146). Fatty acid taste studies report mean fatty 
acid detection thresholds within a millimolar range (usually between 0.5 – 4 mM); 
however a notable feature of fatty acid taste literature is the variability in threshold 
values documented, both between and within research groups. For example, within 
a single research group, detection thresholds can span as much as five orders of 
magnitude (62).  
 
Functional implications of fatty acid taste sensitivity have been reported, where a 
negative correlation between body mass index (BMI) and fatty acid taste sensitivity 
(7, 11, 20, 76), and in some studies dietary fat intake (6, 7, 11) have been identified, 
however other studies fail to identify similar associations (81-83). It is expected 
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that inherent human variability influences fatty acid taste thresholds (56), but there 
is a possibility results are a reflection of additional factors, including the 
methodology employed in different studies (61). In order to stimulate taste 
receptors, fatty acids are typically presented in an emulsified form and ideally, the 
vehicle used should provide an opportunity for delivery and interaction with oral 
fatty acid receptors, while not causing excessive background noise. Other methods 
for assessing fatty acid taste function exist, including the use of edible taste strips 
(54), or through fat perception ability (56, 128), although two major vehicles have 
been used within fatty acid taste studies; one being a ultra-heat treated (UHT) milk 
based emulsion using gum and mineral oil by the Deakin University research group 
(Melbourne, Australia) (7, 58) and the other being a water based emulsion which 
typically consist of gums, emulsifiers and sometimes mineral oil (depending on the 
study) used by Mattes et al. at Purdue University (Indiana, USA) and based on the 
methods of Chalé-Rush et al. (59). The Deakin based method has shown to be 
repeatable within, between and across testing days (64), while work from Purdue 
suggests as many as 7 replications may be needed for stability (62). Different 
methodological approaches are expected in the literature, but as sensory 
measurements vary as a function of the methodology, it is important that 
comparisons of fatty acid taste can be made across groups. Given a situation where 
the same subject is tested with alternate protocols designed for measuring the same 
sensory characteristic, the two methodologies may not produce identical results, 
but, if that participant maintains relative position within the population (e.g. 
relatively sensitive) across methods, results would suggest both protocols are 
measuring the same sensory experience, permitting valid comparison, 
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interpretation and application of the findings. Given there are mixed experimental 
findings in the area of fatty acid taste, there must be consideration given as to 
whether the methods employed are measuring the same sensory phenomenon, 
while also addressing any limitations, for example, the most appropriate number of 
testing sessions required for the ‘best’ measure.  
 
3.2  Aims and hypotheses 
3.2.1 Aims 
The aim of this study was to determine and compare oleic acid (C18:1) detection 
thresholds for Purdue (deionised water base) and Deakin (milk base) methods. The 
repeatability and reliability of Deakin and Purdue methods was assessed, as was 
ability of the measures to determine associations with BMI and dietary intake, as 
part of routine laboratory measures.  
 
3.2.2 Hypotheses  
x C18:1 detection thresholds for Purdue and Deakin methods would not differ  
x Both Deakin and Purdue methodology would be reliable and repeatable 
x Due to the small sample size, neither Purdue nor Deakin methods will be 
associated with BMI and dietary fat intake or energy intake.   
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3.3 Subjects, materials and methods  
3.3.1 Subjects 
A power analysis was conducted to determine the appropriate sample size for the 
study based on a prior study where reliability and repeatability for C18:1 was 
determined (64). Participants were staff and students within the School of Exercise 
and Nutrition Sciences at Deakin University, Melbourne and were recruited via 
email. Subjects were non-smokers, not pregnant and in good health at the time of 
testing. This study was approved by the Deakin University Health Ethics 
Committee (HEAGH 10_2014) and all participants signed consent forms.  
 
3.3.2 Study outline 
Participants completed a randomised repeated measures crossover study where 
detection thresholds for C18:1 were determined for both Deakin and Purdue 
methods across a total of 14 sessions. Subjects were randomised (in equal 
proportions) to either the Deakin or Purdue tests for 7 visits, before completing the 
remaining 7 sessions. A prior investigation using the Purdue method has shown 
seven visits may be required for detection threshold stability (62) hence why 7 
sessions were completed for each method. A 3-day diet diary, a food frequency 
questionnaire (FFQ) and fat perception task were completed and height and weight 
was measured to determine BMI. Of these 16 participants, 8 had previously 
enrolled in prior fatty acid taste studies, while 8 had not been exposed to the stimuli.  
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3.3.3 Milk emulsions  
Milk emulsion samples (Deakin method) were prepared based on protocols 
outlined in Chapter 2. Briefly, C18:1 (Sigma Aldrich, Missouri, USA) at varying 
concentrations (0.02 – 20 mM) was added to an emulsion of 5% (w/v) gum arabic 
(pre-hydrated FT Powder, TIC Gums, Alchemy Agencies, Parramatta, New South 
Wales), 0.01% (w/v) ethyl-enediaminetetraacetic acid (EDTA; Merck, Darmstadt, 
Germany) and UHT no-fat milk (Devondale, Cobram, Victoria, Australia). Five 
percent liquid paraffin (w/v) (Faulding Remedies, Virginia, Queensland, Australia) 
was used to mask any differences in textural cues between control and test samples. 
Samples were homogenised (Silverston L4RT homogeniser, Longmeadow, 
Massachusetts, USA) at 12000 rpm for 30 seconds per 100 mL of solution.  
 
3.3.4 Deionised water based emulsions 
Water emulsion samples with C18:1 were prepared based on methods outlined by 
Tucker and Mattes (62), from Purdue University. All protocols are outlined in 
Chapter 2. A stable emulsion consisting of 5% (w/v) C18:1 was prepared using 
deionised water as a base. Twelve percent gum arabic (w/v), 0.01% (w/v) xanthan 
gum (Lotus Food Pty Ltd, Cheltenham, Victoria, Australia) and 0.01% (w/v) EDTA 
were added and homogenised at 14000 rpm for 30 seconds per 100 mL. From the 
C18:1 stock solution, 17 quarter log step dilutions were created, ranging from 0.01 
- 180 mM. A control vehicle was also prepared which contained all ingredients 
minus the stock solution. Table 3.1 shows a comparison of concentration steps 
between Deakin and Purdue methods.   
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Table 3.1: Comparison of oleic acid (mM) concentration steps between the 
Deakin and Purdue methods for determining fatty acid detection thresholds 
 
 
 
 
 
 
 
 
 
 
3.3.5 Fatty acid taste sensitivity  
Detection thresholds for C18:1 were determined using a three forced choice 
alternative procedure with ascending samples, as outlined in Chapter 2 (58). 
Samples were prepared freshly on the day of testing and served at room temperature 
and participants were asked to refrain from eating, drinking (excluding water) or 
using oral hygiene products for at least one hour prior to arriving at the laboratory. 
Nose clips were worn throughout the testing sessions.  Subjects were presented with 
a set of three samples, two of which were control and one with a fixed concentration 
of C18:1. Samples were presented with the lowest concentration of either the milk 
or water emulsion and a detection threshold was reached once a participant was 
able to correctly identify a given concentration of C18:1 three consecutive times. 
Concentration 
step 
Deakin method 
(mM C18:1) 
Purdue method 
(mM C18:1) 
1 0.02 0.01 
2 0.06 0.02 
3 1.0 0.03 
4 1.4 0.06 
5 2.0 0.1 
6 2.8 0.2 
7 3.8 0.3 
8 5.0 0.6 
9 6.4 1.0 
10 8.0 1.8 
11 9.8 3.2 
12 12.0 5.7 
13 20.0 10.1 
14  17.9 
15  31.9 
16  56.8 
17  101.1 
18  180.0 
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Subjects were required to rinse with deionised water between sets of samples and 
asked to expectorate solutions. For UHT milk based samples, testing was carried 
out under red lighting to mask visual cues, while eye masks were worn by 
participants across all water sessions as red lighting failed to mask these cues. To 
minimise fatigue when testing with the water stimulus vehicle (and to still allow 
for potential learning effects), participants began consecutive tests 7 dilution steps 
lower than their previous threshold. Participants were also able to provide verbal 
comments on the methodology, if they felt this was appropriate. In line with prior 
investigations (6, 7) participants were classified as hyper- or hyposensitive to C18:1 
based on their mean detection threshold for each methodology. Those who were 
able to detect C18:1 at concentrations <3.8mM were classified as hypersensitive, 
while those who detected C18:1 at or above this level were classified as 
hyposensitive.   
 
3.3.6 Fat ranking task 
A fat perception task evaluated participant’s ability to perceive and rank custard 
samples which varied in fat content, and to determine the relationship between 
C18:1 taste sensitivity in both water and milk solutions, and fat perception. As 
described in Chapter 2, custard was prepared using 40 g instant custard powder 
(Cerebos Ltd, Seven Hills, New South Wales, Australia), 12.5 g sugar (CSR, 
Yarraville, Victoria, Australia) and 500 mL UHT no-fat milk (Devondale, 
Cobram, Victoria, Australia) and heated in a s t a n d a r d  k i t c h e n  
microwave for 3 minutes. The mixture was divided into four 100 g batches and 
2 mL, 6 mL or 10 mL canola oil (Coles, Hawthorn, Victoria, Australia) added to 
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three of the batches to achieve fat contents of 2%, 6% and 10% oil, respectively. 
One batch was fat free (0%). Subjects w e r e  p r e s e n t e d  w i t h  samples in a 
randomised order, asked to taste each custard and rank them in ascending order 
according to their fat content. Depending on the order, a score out of 5 for given 
for this task (Table 2.2, Chapter 2). Data was collected using Compusense five 
(version 5, West Guelph, Ontario, Canada). 
 
3.3.7 Energy and macronutrient consumption 
Diet diaries  
Participants were asked to record all foods and beverages consumed over three 24 
hour days (as detailed in Chapter 2) to determine normal energy and macronutrient 
intake, and assess any potential associations with fatty acid taste  thresholds. Foods 
and beverages were recorded by weighing foods or estimating approximate 
amounts. Diet diaries were analysed using FoodWorks, Version 7 (Xyris software, 
Highgate Hill, Queensland, Australia) and nutrient intakes calculated based on 
mean intakes from the three days.  
 
Dietary Questionnaire for Epidemiological Studies version 2 (DQESV2)  
The Dietary Questionnaire for Epidemiological Studies version 2 (DQESV2) was 
used to assess dietary intake over the previous 12 months, as an additional dietary 
measure. The validated Food Frequency Questionnaire (FFQ) (138) assessed the 
following categories; cereals, sweets and snacks, dairy products, meats and fish, 
fruit and vegetables and alcoholic beverages across 74 items with 10 frequency 
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response options ranging from 'never' to '3 or more times per day'. Using software 
based on the Australian Nutrient Tables (NUTTAB) 1995 food composition 
database analysis was carried out by the Cancer Council, Victoria, Australia to 
assess daily energy and macronutrient intakes. This questionnaire is also described 
in Chapter 2. 
 
3.3.8 Anthropometry 
Anthropometrics were taken to assess links with BMI, as prior investigations have 
identified inverse associations with fatty acid taste sensitivity (7, 11, 20, 76). Height 
was measured using a free standing stadiometer (Seca, MedShop Australia, 
Fairfield, Victoria, Australia) and weight was collected using scales (Tanita Body 
Scan Composition Monitor Scales, Cloverland, Western Australia, Australia). 
Participants were asked to remove any heavy items from pockets and remove any 
large items of clothing (e.g. jackets, thick jumpers). From these values, BMI was 
calculated for each subject using the standard equation weight (kg) / height (m)2. 
 
3.4 Statistical analysis 
Threshold values tended to be skewed and were log transformed for analyses. Data 
are summarised as geometric mean ± standard error of the mean (SEM). T-tests 
were used to investigate differences in mean threshold values between methods. 
Intraclass correlation (ICC) analysis was used to assess reliability of both emulsion 
measures across all testing sessions, with correlations above 0.7 considered strong 
(147). Spearman’s correlation analysis was used to assess relationships between 
detection thresholds, energy and macronutrient intake. Friedman test was used to 
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compare participant performance (rank order) between methods. Significance was 
set at P< 0.05 and analyses were conducted using SPSS (version 21, IBM, Chicago, 
Illinois, USA).  
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3.5 Results  
3.5.1 Subjects  
Twenty subjects gave informed consent and completed the study. Two participants 
failed to complete 3 days of dietary records and were excluded from final analysis, 
while one participant was pregnant at the time of testing and also excluded from 
the final data set. Sixteen subjects (4 male, 12 female, mean age: 26.6 ± 1.1 years, 
range: 20 - 35 years, mean BMI: 22.9 ± 0.9 kg/m2, range: 18.0 - 28.7 kg/m2) were 
therefore included in the final analysis. Of these 16 subjects, 8 had previously 
enrolled in prior fatty acid taste studies, while 8 had not been exposed to the stimuli.  
 
3.5.2 Fatty acid taste sensitivity  
The overall group mean obtained across Deakin sessions was 2.3 ± 0.5 mM (range: 
0.06 – 9.8 mM), while the mean threshold obtained across Purdue sessions was 
slightly higher (3.0 ± 1.0 mM, range: 0.03 – 31.9 mM). Detection thresholds for 
both Deakin and Purdue methods were positively correlated (r= 0.56, P= 0.03) and 
there was no significant difference in mean threshold between methods (P= 0.40).  
 
3.5.3 Fatty acid taste threshold reliability 
Mean thresholds for each of the 7 visits for both Deakin and Purdue methodology 
are shown in Figures 3.1 and 3.2. Thresholds achieved using the Deakin method 
appeared to stay consistent across the 7 visits, with group means ranging from 2.0 
to 2.7 mM. Moderate to strong ICCs (ICC range= 0.61 – 0.98, [CI range: 0.11 – 
0.99]) were found between all testing sessions (Table 3.2).  
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Detection thresholds established using the Purdue method were slightly more 
variable, ranging from 2.2 ± 0.8 mM at visit 7 to 4.9 ± 2.5 mM at visit 5. Strong 
ICCs were found between visits for the Purdue method but these were not observed 
until the third visit (ICC range= 0.86 – 0.97, [CI range: 0.91 – 0.99], Table 3.3). 
Correlations were observed between each Deakin method visit and the overall mean 
threshold (r= 0.63 – 0.80, P< 0.01) and between each Purdue visit and the overall 
water mean threshold (r= 0.75 – 0.90, P< 0.001), but only from visit 3 onwards.  
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Figure 3.1 and Figure 3.2: Mean oleic acid detection thresholds obtained using 
(A) Deakin and (B) Purdue methods across 7 laboratory visits.  
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ICC, intraclass correlation; CI, confidence interval. *denotes significance at P<0.05 
Table 3.2: Intraclass correlations and confidence intervals for Deakin milk-based emulsions  
 Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 
Visit 1 
ICC 
P-value 
CI 
  
0.62 
0.04 
0.14 - 0.87 
 
0.72 
0.01 
0.16 - 0.90 
 
0.63 
0.04 
0.11 - 0.88 
 
0.65 
0.03 
0.54 - 0.89 
 
0.60 
0.05 
0.20 - 0.86 
 
0.63 
0.03 
0.12 - 0.88 
Visit 2 
ICC 
P-value 
CI 
  
 
 
0.71 
0.01 
0.13 - 0.90 
 
0.71 
0.01 
0.13 - 0.90 
 
0.81 
0.002 
0.44 - 0.94 
 
0.76 
0.006 
0.29 - 0.92 
 
0.82 
0.02 
0.45 - 0.94 
Visit 3 
ICC 
P-value 
CI 
    
0.91 
<0.001 
0.73 - 0.97 
 
0.76 
0.006 
0.28 - 0.92 
 
0.81 
0.002 
0.42 - 0.94 
 
0.65 
0.03 
0.35 - 0.88 
Visit 4 
ICC 
P-value 
CI 
     
0.84 
0.001 
0.51 - 0.95 
 
0.86 
<0.001 
0.57 - 0.95 
 
0.79 
0.003 
0.38 - 0.93 
Visit 5 
ICC 
P-value 
CI 
      
0.97 
<0.001 
0.91 - 0.99 
 
0.92 
<0.001 
0.75 - 0.97 
Visit 6 
ICC 
P-value 
CI 
       
0.93 
<0.001 
0.79 - 0.98 
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Table 3.3: Intraclass correlations and confidence intervals for Purdue water based emulsions 
 Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 
Visit 1 
ICC 
P-value 
CI 
  
-3.27 
0.69 
-0.10 – 0.55 
 
0.58 
0.54 
-0.23 – 0.86 
 
0.51 
0.10 
-0.46 – 0.84 
 
0.45 
0.14 
-0.63 – 0.82 
 
0.57 
0.06 
-0.27 - 0.86 
 
0.54 
0.08 
-0.35 – 0.85 
Visit 2 
ICC 
P-value 
CI 
  
 
 
0.47 
0.13 
-0.60 – 0.82 
 
0.57 
0.06 
-0.27 – 0.86 
 
0.39 
0.18 
-0.81 – 0.80 
 
0.29 
0.27 
0.11 – 0.76 
 
0.42 
0.16 
-0.72 – 0.81 
Visit 3 
ICC 
P-value 
CI 
    
0.91 
<0.001* 
0.73 - 0.97 
 
0.91 
<0.001* 
0.75 – 0.97 
 
0.97 
<0.001* 
0.90 – 0.99 
 
0.94 
<0.001* 
0.83 – 0.98 
Visit 4 
ICC 
P-value 
CI 
     
0.95 
0.002* 
0.85 – 0.98 
 
0.92 
<0.001* 
0.90 – 0.98 
 
0.93 
<0.001* 
0.78 –0.98 
Visit 5 
ICC 
P-value 
CI 
      
0.94 
<0.001* 
0.83 – 0.98 
 
0.85 
<0.001* 
0.56 – 0.95 
Visit 6 
ICC 
P-value 
CI 
       
0.86 
<0.001* 
0.82 –  0.98 
 ICC, intraclass correlation; CI, confidence interval. *denotes significance at P<0.05
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3.5.4 Ranking and sensitivity classification 
Participants were classified as hypersensitive or hyposensitive to C18:1 based on 
methods outlined in 3.3.2 of this Chapter. Based on overall mean threshold values, 
thirteen participants (87%) were classified as hypersensitive across both methods. 
Three participants (13%) were classified as hypersensitive following testing with 
one method, and hyposensitive to the opposite protocol. Using optimised 
methodology (Deakin method mean threshold measures 1-2, Purdue method mean 
threshold measures 4-7), these sensitivity classifications were unchanged. To 
further examine the threshold ranking position within each method, the population 
was split into tertiles; tertile grouping for both Deakin and Purdue methods 
contained the same participants.   
 
3.5.5 Prior participation  
No differences in fatty acid taste thresholds were observed between those who had 
(Deakin: 2.8 ± 1.0 mM; Purdue: 3.6 ± 1.7 mM) or who had not (Deakin: 1.9 ± 0.3 
mM, Purdue: 2.5 ± 1.0 mM) previously participated in prior fatty acid taste studies 
(P= 0.25).  
 
3.5.6 Food consumption 
There was no correlation between C18:1 taste thresholds for total energy (kJ) or 
dietary fat intake (g) for either Deakin or Purdue methodology, based on data from 
the DQESV2 and diet diaries (P> 0.05 for all).  
  
Chapter 3 – Comparison of fatty acid taste threshold methodologies 
 
88 
 
3.5.7 Fat ranking 
There was no correlation between scores on the fat ranking task and C18:1 
thresholds obtained using Purdue (r= -0.27, P= 0.29) or Deakin methodology (r= -
0.10, P= 0.68).  
 
3.5.8 Anthropometry  
The mean BMI was 22.9 ± 0.9 kg/m2 (range: 18.0 - 28.7 kg/m2). Eleven participants 
were classified as healthy weight (mean: 20.9 ± 0.6 kg/m2) while five participants 
were classed as overweight (mean 26.9 ± 0.5 kg/m2). There was no relationship 
between BMI and detection threshold for either methodology (Deakin: r= 0.10, P= 
0.65, Purdue: r= 0.10, P= 0.78). 
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3.6 Discussion  
Methodological approaches have been identified as a potential contributing factor 
to conflicting fatty acid taste research (61). As such, this current study was designed 
to compare two different methods (Deakin University and Purdue University) for 
determining fatty acid taste sensitivity. Results showed that both Deakin and 
Purdue protocols led to reliable and reproducible results, with statistically similar 
group mean threshold values achieved after 7 testing sessions. For both methods, 
each visit was significantly correlated with the overall mean, although there was a 
notable difference in the number of sessions required to reach threshold stability. 
In comparison to results achieved using the Purdue methodology, the Deakin 
stimulus vehicle saw reproducible results from the first testing session, and across 
numerous testing sessions. These findings support previously published data 
demonstrating high test-rest reliability for not only C18:1, but other fatty acids 
(C18:2 and C12:0) using this methodology (64). Strong ICCs for C18:1 detection 
thresholds were observed with the Purdue stimulus vehicle, but only from the third 
visit. These findings are in line with prior investigations suggesting reproducible 
results follow after five or seven visits (62, 76). In these studies, learning effects, 
where repeated exposure to a stimuli may increase familiarity and improve testing 
performance (148) have been claimed to influence taste thresholds. However, for 
the present study there was no observed consecutive decrease in threshold 
performance with the water based vehicle (Purdue). In fact, mean thresholds varied 
between all 7 visits, ranging from 2.2 ± 0.8 mM at visit 7 to 4.9 ± 2.5 mM at visit 
5, a value which was approximately two concentration steps higher than the mean. 
Comparatively, there was little variation using the milk (Deakin) vehicle. From the 
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results achieved, the minimum number of laboratory sessions required can be 
identified. The Deakin method provides a reliable threshold after two sessions, 
while the Purdue method may require three visits to ensure familiarity with the 
stimulus prior to threshold determination.  
 
A recent investigation by Purdue group were surprised to find no learning effect 
when comparing detection thresholds of various fatty acids across 50 testing 
sessions (10) and suggest this may have been due, in part, to participant familiarity 
with the testing procedure. Inclusion criteria were that participants were not 
enrolled in a fatty acid taste study within six months, although it was possible some 
subjects may have previously been exposed to fatty acid taste prior to this. The 
sample were recruited largely through convenience and involved a combination of 
participants who had previously participated in fatty acid taste experiments (tasting 
milk-based solutions only; all participants were unfamiliar with the water based 
solutions), in addition to those who were naïve to the psychophysical procedures 
used. It is possible that previous exposure could have impacted the findings, 
although no prior report has clearly described how participant sensory testing 
experience might play a role. An analysis of the study participants did not find this 
to be the case and no differences in sensitivity were observed between those who 
had (n= 8) or who had not (n= 8) previously participated in prior fatty acid taste 
studies, yet further investigation is warranted.  
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While there was no difference in detection thresholds between methodologies in 
terms of mean threshold, there may be an advantage in choosing to use one stimulus 
vehicle over the other. If using the milk-based vehicle, there is a time advantage to 
both the study participant and the researcher, in that numerous testing sessions are 
not required to achieve stability. After examining the ICC coefficient from sessions 
4-7,  the Purdue method was higher than those obtained from the Deakin method, 
although both were considered strong (Deakin: ICC range: 0.79 – 0.93 compared 
with Purdue ICC range: 0.86 – 0.97).  
 
In terms of stimulus preparation, there were recognisable differences between the 
methods. Firstly, the Purdue method comprises an additional five concentration 
steps, accommodating for both extremely sensitive and insensitive participants. The 
highest C18:1 concentration in the Purdue dilution series was 180 mM, nine times 
greater than the highest concentration in the Deakin method (20 mM). No 
participant however reached this level, with the highest threshold being 31.9 mM. 
Comparatively, using the Deakin method all participants were able to establish a 
threshold by 9.8 mM. Concentration step sizes between the two methods also 
differed at certain points, and while this allows for finer resolution of thresholds, 
similar mean values were still seen for both methods. There have previously been 
suggestions that milk-based solutions create more background ‘noise’ (61) making 
it difficult to detect the test stimulus while others highlight that fatty acids are 
hydrophobic in nature and as such, a deionised water based stimulus may not be 
suitable (58). It may be important to note that a larger percentage of gum arabic 
was used in the Purdue water based stimulus vehicle (12%, compared to 5% for the 
Chapter 3 – Comparison of fatty acid taste threshold methodologies 
 
92 
 
Deakin milk-based stimulus) to ensure a stable emulsion, and to mask textural 
differences. Participants commented on the intensely sour nature of the Purdue 
stimulus and may have been a factor in the variable thresholds found across 
sessions 1-3 with the Purdue method. Whether this acidic quality could be 
minimised with a different gum type, or lower gum percentage deserves 
investigation. The Deakin method aims to mask textural differences with the use of 
paraffin oil (149). A recent study suggests the use of mineral oil may lead to 
unstable emulsions (10), however this was trialled only in a deionised water base, 
as opposed to the UHT milk-based Deakin method which is homogenous over 
several hours of testing (6, 58). One additional methodological difference was the 
use of red lighting compared to eye masks to conceal visual cues from the addition 
of C18:1. Purdue University research group use eye masks in their publications to 
hide these cues as standard red lighting fails to mask the ‘odd’ C18:1 sample, 
especially at concentrations above 1.0 mM in a deionised water based vehicle. This 
straightforward practice did not appear to influence fatty acid taste thresholds 
compared with using only red lighting, and did not seem to complicate the testing 
procedure.    
 
Comparing detection threshold values across studies can present a challenge due to 
differences in stimulus preparation and vehicle composition, however here it has 
been demonstrated that thresholds obtained using different vehicles can be 
comparable. When comparing relative sensitivity across methods, it was found 
there was no difference in where a participant ranked; in other words if a participant 
achieved a low threshold using the Deakin method, they also achieved a low 
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threshold using the Purdue method and vice versa. The importance of an 
appropriate methodological approach when determining an individual’s response 
to fatty acids cannot be ignored; there is a consequence if assuming all methods 
designed to measure the same sensory experience actually do so (135); the 
application of findings to the wider area of overweight and obesity could be 
obscured and it is important to understand how the methodological approach can 
influence these conclusions. Taste function is highly variable across individuals 
(150) and if researchers are to make valid group comparisons across studies, the 
measured threshold value should not be defined based solely on the method and 
rather, should be a true reflection of the sensory characteristic of interest. The idea 
of employing a neutral background stimulus which evokes no additional response 
is ideal, although unrealistic, however observations from this investigation 
highlight that by using different stimulus vehicles (milk and deionised water bases), 
together with the same psychophysical method (forced choice ascending tests), it 
is possible to yield similar findings repeatedly on the same group of subjects. 
Researchers should be confident that if appointing either the established Deakin or 
Purdue based methodology, both measure the same sensory phenomenon and are 
capable of detecting individual differences in fatty acid taste sensitivity. 
Researchers using either methodology are able to make valid contributions to this 
rapidly advancing field.   
 
While this study was not designed or powered to find these differences, potential 
associations between fatty acid taste sensitivity, BMI and food consumption 
behaviours were investigated as part of routine laboratory measures. There was no 
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correlation with fatty acid taste sensitivity and BMI, or with sensitivity and fat 
intake for either method, in contrast to prior investigations (6, 7, 10, 13, 59, 60, 
143). A 3-day diet record (collected from non-consecutive both week and weekend 
days) and a FFQ were both employed which should be reflective of dietary 
behaviours, however it is proposed that the sample may have been too small to 
detect these associations, restrained eaters were not excluded and acknowledge that 
the sample recruited for this study were mostly participants with a healthy BMI.  
 
3.7 Conclusions  
In summary, it was identified that comparable fatty acid taste thresholds may be 
achieved with either the Deakin or Purdue method and both are capable of assessing 
human fatty acid taste function. Despite variation in vehicle solution, fatty acid 
taste classification of individuals was consistent between methods. Differences 
were observed with three sessions required for the Purdue method to obtain 
consistency, while the Deakin method was reliable from the first testing session. 
Results suggest both methods measure the same oral phenomena, with the Deakin 
method requiring less testing sessions to determine fatty acid taste sensitivity. There 
may however be an advantage when using the Deakin approach as reliability is 
achieved from the initial testing session. These findings may help to provide more 
a standardised approach when it comes to fatty acid taste assessment which would 
be advantageous, especially given the progressive nature of the field.  
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3.8 Future directions   
In terms of fatty acid taste methodology studies, two common methodologies 
(C18:1 emulsified in a UHT milk or water base) were compared using a forced 
choice ascending procedure and identified the more efficient vehicle for delivery 
of the fatty acid, as it required only a single session to reach threshold stability. 
Other methods such as edible taste strips, where filter paper is impregnated with a 
taste substance (134) have been successfully implemented in fatty acid taste studies 
(54, 55). This type of methodology has been identified as useful in overcoming 
problems related to stimulus hydrophobicity and emulsion stability, two issues 
which have been recently raised by Running et al. (61) as a source of variability 
amongst fatty acid taste  literature. In order for this type of approach to be used, a 
comprehensive study comparing its reliability against the Deakin and Purdue 
methodologies could be conducted, and may present as an alternative method for 
future fatty acid taste assessment. Furthermore, emulsion stability has been 
identified as a potential issue contributing to variation in fatty acid taste  findings 
(61) and while work has been done investigating the emulsion stability of deionised 
water based vehicles (10, 151), no study at present, has conducted similar 
investigations on milk-based stimulus vehicles which would be worthwhile.
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Study 2: The effect of a low-fat diet on food intake, satiety 
and fatty acid taste sensitivity 
 
4.1  Introduction 
Excess consumption of dietary fat is a well-established contributor to the growing 
overweight and obesity epidemic (4). Numerous factors are thought to contribute to 
excess fat consumption; fatty foods are extremely palatable, and the post oral effects 
of fats on satiety, or the feeling of fullness, may also play a key role in weight 
management. Intestinal fatty acid sensing leading to the release of satiety hormones in 
an important mechanism underlying food intake. In lean individuals, cholecystokinin 
(CCK), glucagon-like peptide-1 (GLP-1) and peptide YY (PYY) are released and 
grehlin is supressed (85), which contribute to the cessation of energy intake and proper 
activation of satiety (86). In obese subjects however, these hormonal responses which 
normally contribute to the suppression of hunger are impaired (20, 152) and it is well 
established that obese individuals are less satiated following a meal (90), encouraging 
excess energy intake and possibly, the pathogenesis of obesity.  
 
Fatty acids are detected throughout various stages of ingestion and digestion; the first 
being via fatty acid taste receptors embedded within the oral cavity; Cluster of 
Differentiation 36 (CD36), G-protein coupled receptors (GCPRs) and delayed 
rectifying potassium (DRK) channels are all putative mechanisms which may interact 
with fatty acids (153). Gastrointestinal (GI) enteroendocrine cells also express taste 
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receptors and signalling elements similar to the lingual epithelium, for example 
GPR120 and GPR40 are co-expressed within the GI tract, and following stimulation 
with medium and long chain fatty acids, activate the release of CCK and GLP-1 (104, 
154). This coordinated alimentary canal response may be an important regulatory 
mechanism controlling energy and fat intake, and satiety. 
 
There is a need to identify physiological signals that control fat intake and while the 
mechanisms linking satiety and obesity and not yet entirely established, mounting 
evidence suggests fatty acid taste sensitivity may play an important role.  Studies from 
animals and humans provide compelling evidence for the existence of a fatty acid taste 
system, where taste like effects from fatty acids have been detected when non-
gustatory inputs are minimised (59, 66, 68). While questions have been raised over 
whether fat or fatty acid constitutes a legitimate taste stimulus, growing literature 
supports a functional role for the fatty acid detection system regulating fat 
consumption (7, 11, 20, 76).  
 
Implications of impaired alimentary canal fatty acid sensing have been reported, where 
attenuated GI fatty acid sensitivity occurs in obesity, coupled with inverse associations 
between fatty acid taste sensitivity, energy intake and fat consumption (20). This 
compromised GI detection of fats, together with an inability to detect fats within the 
oral cavity may be one of the reasons obese individuals fail to properly regulate 
hormonal responses, contributing to excess energy consumption. 
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It is not entirely clear which factors influence oral and GI tract fatty acid sensitivity. 
Stewart and Keast (10) previously reported that a 4-week, low-fat diet increased oral 
sensitivity to C18:1 in lean and overweight / obese individuals, illustrating an 
environmental adaptive change in the oral cavity and GI tract. Although the effect of 
these changes on subsequent food intake were not assessed, an association between 
impaired fatty acid taste sensitivity and increased energy consumption has been 
documented, where following consumption of a high-fat breakfast, hyposensitive 
subjects consumed more food at a buffet meal (21). The link between fatty acid taste 
sensitivity and satiety is, at this stage, far from clear and while an acute effect of fat 
consumption on satiety has been observed, yet to be assessed is the influence of long 
term oral fat exposure / restriction on satiety and how this is associated with fatty acid 
taste sensitivity.  
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4.2 Aims and hypotheses  
4.2.1 Aims 
The aim of the study was to assess the influence of a 10-week low-fat (<20% fat) and 
Mediterranean diet (30 – 35% fat) on food consumption and satiety, and assess the 
link with fatty acid taste sensitivity. The influence of dietary fat intake on fat 
perception, liking for lowered and regular fat foods, 6-n-propylthiouracil (PROP) taste 
sensitivity and papillae density was also investigated. 
 
4.2.2 Hypotheses  
It was hypothesised that consumption of a low-fat diet for 10-weeks would decrease 
dietary fat (grams and percentage) intake, alter perceived satiety measures, increase 
fatty acid taste sensitivity, increase the ability to detect fat content of food and increase 
preference for lowered-fat foods, compared to the Mediterranean diet.  
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4.3 Subjects, materials and methods  
4.3.1 Subjects 
A power calculation was conducted to determine an appropriate sample size for the 
study. Using previous data which compared food consumption and fatty acid taste 
sensitivity between hyposensitive and hypersensitive subjects following a high-fat 
breakfast (21), an energy difference of at least 2.1 MJ was expected between the two 
diets. A standard deviation of 1.6 MJ was used. α, the z-score probability of a Type I 
error, and was set at 1.96 for 95% and β, the z-score probability of a Type II error, was 
set at 1.64 for 90% confidence. Therefore, 14 subjects were required in each group for 
adequate power. Subjects were recruited from Deakin University, Burwood, Victoria, 
Australia and surrounding suburbs via flyer distribution. Smokers were excluded from 
participation, and as this study involved an eating component, additional exclusion 
criteria were those who were restrained eaters (as defined by a score of >12 on the 
Three Factor Eating Questionnaire), and those with food allergies to gluten, milk and 
soy products. This study was approved by the Deakin University Human Research 
Ethics Committee (DUREC 2012-255) and written, informed consent was obtained 
from all subjects prior to participation. This study was registered as a clinical trial on 
the Australia New Zealand Clinical Trials Register (ANZCTR) website 
(www.anzctr.org.au, registration number 12612000881831). 
 
4.3.2 Study outline 
Subjects completed a 10-week dietary intervention where they were randomly 
assigned to a low-fat or Mediterranean style diet. Over the study period, participants 
attended six sensory testing sessions at the Deakin University, Burwood, Victoria, 
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Australia during which numerous tasks were completed. At baseline, week 5 and week 
10 of the diet, food intake and energy consumption at a buffet meal were quantified. 
In a separate session, and within 7 days of food intake assessment, C18:1 taste 
sensitivity, fat perception, hedonic ratings for regular and lowered fat foods, 
anthropometric measurements, PROP taste sensitivity and papillae density assessment 
were completed. Food intake was assessed via diet diaries and subjects were asked to 
maintain their normal level of physical activity throughout the study. A schematic 
outline of the study is shown in Figure 4.1.  
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Figure 4.1: Outline of the dietary intervention study 
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4.3.3 Dietary interventions 
Low-fat diet  
Subjects placed on the low-fat diet were required to consume <20% total energy from 
dietary fat. To achieve this, participants were asked to adhere to the guidelines outlined 
in Chapter 2 and Appendix R, which were based on recommendations from a prior 
study (81). Briefly, participants were asked to remove discretionary fats from their diet 
(e.g. cooking oil, butter, margarine, mayonnaise and oil based salad dressings), swap 
high-fat foods for low or lowered fat alternatives (e.g. regular-fat yoghurt for no-fat 
yoghurt), trim visible fat off meat and poultry and discontinue the consumption of 
high-fat snack foods (e.g. nuts, chocolate, potato chips) and avocado. Participants were 
encouraged to follow a healthy eating pattern including the consumption of fruit and 
vegetables, protein based foods (including legumes, poultry and lean red meat), low 
or no-fat dairy products and wholegrain breads and cereals. Participants were also 
given additional foods to assist with compliance including three low-fat, portion 
controlled meals (Lean Cuisine, Simplot, Victoria, Australia) per week which were 
able to be consumed for either lunch or dinner. Canola and olive oil (Coles, Hawthorn, 
Victoria, Australia) cooking sprays were provided to encourage participants to limit 
oil consumption, and low-fat rice crackers (Sakata Biscuits Pty Ltd, Laverton North, 
Victoria, Australia) and corn based snacks (Corn Thins, Real Foods, St Peters, New 
South Wales, Australia) were also provided.  
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Mediterranean diet  
Subjects allocated to this diet were asked to follow a traditional Mediterranean pattern 
of eating. The Mediterranean diet is composed of olive oil, fruits and vegetables, nuts 
and unrefined cereals with energy consumption from monounsaturated sources 
typically contributing to around 30 – 35% total energy (142). Guidelines are outlined 
in detail in Chapter 2 and Appendix Q.  Participants were instructed to swap all 
discretionary fat sources (butter, margarine, canola, vegetable and any other oils) to 
olive oil only and encouraged to use this when cooking and dressing salads on a daily 
basis (approximately 50 g or four tablespoons). Other guidelines were to consume the 
following; legumes 3 times per week, one serve (30 g) raw, unsalted nuts daily, one 
serve (150 g) seafood at least 3 times per week, swap red meat for poultry, consume 
wholegrain breads and cereals (as opposed to white based sources), swap high-fat 
dairy for reduced fat dairy and cook with tomato based sauces where possible. 
Participants were asked to avoid red and processed meats, take away food and any 
processed sweet and savoury snack foods. Additional guidelines were that any meat 
or poultry that was consumed was to have the skin or excess fat removed, while soft 
drinks, ice tea, cordial or fruits juices should be limited and replaced with water only.  
 
4.3.4 Habitual energy and macronutrient consumption  
Subjects completed a single diet diary at baseline to assess normal energy and 
macronutrient intakes, and at each week of the intervention to assess dietary 
compliance. Subjects were asked to record all foods consumed in a single 24-hour 
period (detailed in Chapter 2 and Appendix J) and to record all foods in detail, where 
possible, weighing or measuring the foods consumed common serving sizes. Specific 
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details were also reported including the brand of food, type, addition of discretionary 
fat and cooking method. Diet diaries were analysed using FoodWorks Version 7 
(Xyris, Highgate Hill, New South Wales, Australia). From this data, mean energy 
intake (kJ) and macronutrient contributions (fat, protein and carbohydrate 
contributions) were calculated. Participants also received phone calls on a weekly 
basis as a means of checking compliance and to assist with any questions that may 
have arisen regarding the study and dietary modifications.  
 
4.3.5 Satiety measures  
Food intake  
On the morning of testing, participants were provided with a standardised breakfast 
consisting of instant porridge (50 g, Uncle Toby’s, Rhodes, New South Wales, 
Australia), a fresh apple (approximately 140 g) and 200 mL of a hot beverage, which 
was to be consumed in the home environment at a fixed time (900h). Breakfast was to 
be consumed within a 40 minute time period and after this time, participants were not 
to consume additional food (excluding water) in the time prior to lunch to ensure 
accurate measures of satiety at the following meal. Participants then arrived at the 
sensory laboratory at 1200h where a buffet style lunch including pasta, soup, hot chips, 
garden salad, tinned peaches, chocolate bars and nachos (detailed in Chapter 2) was 
individually presented to each participant. The amount of food was in excess of what 
the participant was expected to consume in a single meal (9034 kJ) and each item was 
individually weighed in grams (g) to a set value (Table 2.1, Chapter 2). The plate 
was provided to the subject in a laboratory based, social setting and given verbal 
instructions to eat until comfortably full. Liking of each item was measured on a 
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Hedonic generalised Magnitude Scale (HgLMS), to assess if the amount consumed 
was influenced by hedonic factors (Appendix O). At the end of the meal, plate waste 
was re-weighed using standard kitchen scales and food intake (g) was recorded using 
the following equation: food intake= initial meal (g) – meal consumed (g). To calculate 
energy and macronutrient consumption, these values were entered into FoodWorks 
(version 7, Xyris software, Highgate Hill, Australia). 
 
Perceived satiety measures 
Subjects completed a satiety questionnaire prior to and immediately following lunch. 
Participants were asked to rate common appetite perceptions (hunger, fullness, desire 
to eat and prospective food consumption) (20, 139) on a 100 mm visual analogue scale 
(VAS) anchored at each end with descriptors, for example ‘not hungry at all’ at one 
end and ‘very hungry’ at the other. Responses were recorded using Compusense five 
(version 5, Guelf, Canada). 
 
4.3.6 Fatty acid taste sensitivity  
Test solutions were prepared according to the methods outlined in Chapter 2. Briefly, 
an emulsion of C18:1 (Sigma Aldrich, Missouri, USA) at various concentrations (0.02 
- 20 mM), ultra-heat treated (UHT) milk (Devondale, Cobram, Victoria, Australia), 
5% (w/v) gum arabic (pre-hydrated FT Powder, TIC Gums, Alchemy Agencies, 
Parramatta, New South Wales), 0.01% (w/v) EDTA (Merck, Darmstadt, Germany) 
and 5% (w/v) liquid paraffin (Faulding Remedies, Virginia, Queensland, Australia) 
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was homogenised (Silverston L4RT homogeniser, Longmeadow, Massachusetts, 
USA) for 30 seconds per 100 mL of solution. Samples were served at room 
temperature and prepared freshly on the day of testing. Detection thresholds for C18:1 
were determined via an established forced choice ascending procedure where subjects 
were asked to identify the ‘odd’ fatty acid containing sample from a set of three 
solutions (two samples were control samples, containing no-fatty acid). Samples were 
presented with the lowest concentration of C18:1 and if a correct identification was 
made, an identical set of solutions was given. If incorrect, the next highest 
concentration of C18:1 in the series was presented, and a detection threshold was 
reached once a participant correctly identified three fatty acid containing samples in a 
row. Solutions were expectorated and nose clips and red lighting were used to prevent 
the influence of smell or visual cues, respectively.  
 
4.3.7 Hedonic ratings for regular and lowered fat foods 
Hedonic ratings for regular and lowered fat foods were assessed to determine the effect 
of dietary changes on food liking, as detailed in Chapter 2. Participants were 
presented with a one regular fat and one lowered fat version sample of commercially 
available foods including; crackers, peanut butter, hummus, cream cheese, salad 
dressing and chocolate mousse (Table 2.3, Chapter 2). After sampling the foods, 
participants rated liking using the HgLMS. The scale was used in the context of all 
experiences with the two ends points representing the strongest imaginable dislike or 
like of any kind (130).  
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4.3.8 Anthropometry 
Height was measured using a free standing stadiometer (Seca, MedShop Australia 
Fairfield, Victoria, Australia) and weight was collected using scales (Tanita Body 
Scan Composition Monitor Scales, Cloverland, Western Australia, Australia). 
Participants were asked to remove any heavy items from pockets and remove any large 
items of clothing. From these values, BMI was calculated for each subject using the 
standard equation weight (kg) / height (m)2. 
 
4.3.9 Fat ranking task  
A fat ranking task was completed by participants, as outlined in Chapter 2. Canola 
oil (Coles, Hawthorn, Victoria, Australia) at four different percentages (0, 2, 6 and 10 
%) was added to instant custard made up of 500 mL no-fat UHT milk (Devondale, 
Cobram, Victoria, Australia), 40 g custard powder (Cerebos Ltd, Seven Hills, New 
South Wales, Australia) and 12.5 g sugar (CSR, Yarraville, Victoria, Australia). 
Participants were offered 20 g of each sample in a randomised order, asked to taste 
each custard and rank them in ascending order according to their fat content. Nose 
clips were not worn for this task with the aim of more closely emulating 
a real life eating experience. Depending on the order, a score out of 5 for given 
for this task (Table 2.2, Chapter 2). Data was collected using Compusense five, 
(version 5, West Guelph, Ontario, Canada). 
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4.3.10 6-n-propylthiouracil (PROP) taste sensitivity 
Sensitivity to PROP was measured as a general marker of genetic taste sensitivity, and 
as previous authors have indicated that PROP sensitivity may also be related to fat 
perception, where heightened sensitivity may lead to increased fat perception ability 
(74, 79). PROP soaked filter paper was prepared according to methods outlined by 
Zhao, Kirkmeyer and Tepper (134), which are also explained in Chapter 2. Subjects 
were offered PROP soaked paper squares and asked to place it on the centre of the 
tongue until sufficiently moistened by saliva, after which they were required to rate 
the bitterness intensity on a gLMS, with descriptors ranging from ‘barely detectable’ 
(0) to ‘strongest imaginable’ (100). The ‘strongest imaginable’ sensation was 
described as the worst possible experience, while ‘barely detectable’ was described as 
the taste of paper.  
 
4.3.11 Papillae density  
Papillae density was determined to assess potential associations with fatty acid taste 
sensitivity, as some studies have suggested higher papillae density is linked to 
heightened sensitivity for certain tastants (126, 155). The complete procedure for 
tongue photography and counting papillae is explained in detail in Chapter 2. Briefly, 
blue food colouring was combined with deionised water at a 1:20 ratio. Participants 
were required to sit in a specific position for this task, where their elbows were placed 
on the marked corners of a table and rested their chin in their palms, before protruding 
their tongue. Using a rectangular strip of filter paper, the bottom portion of the tongue 
was dried. A cotton bud stained with the blue food colouring solution was transferred 
onto the anterior dorsal surface of tongue, immediately right of the midline point and 
Chapter 4 – The effect of diet on food intake, satiety and fatty acid taste sensitivity   
 
 110   
    
close to the tip (see Figure 2.2, Chapter 2). The tongue was dried for a second time 
and using sterilised tweezers, a 1.5 cm2 piece of filter paper with a 6 mm hole was 
placed onto the participant's tongue, on top of the stained area. Using flash, three-
digital photographs were taken of the participant's mouth and tongue, using a camera 
with macro mode (Nikon Australia Pty. Ltd, Rhodes, New South Wales, Australia). 
The photographs were uploaded to Adobe Photoshop (Adobe Systems Inc., San Jose, 
CA, USA) and using the zoom function, visible fungiform papillae were manually 
counted. Fungiform papillae were differentiated from other papillae as larger 
mushroom shaped, elevated structures (136) which were stained lightly with the blue 
food colouring. This procedure was conducted at baseline testing only.  
 
4.4 Statistical analysis  
Data are presented as mean ± standard error of the mean (SEM). Repeated-measures 
analysis of variance (ANOVA) was used to analyse changes in food intake, C18:1 
taste detection thresholds, hedonic ratings, anthropometric measurements and dietary 
intake from baseline to week 10. Time-point was used as a within-subject factors and 
dietary intervention (low-fat or Mediterranean) was used as a between-subjects factor. 
Wilcoxon Signed-Rank test was used to detect differences in fat ranking scores from 
baseline to week 10, and Mann-Whitney U test was used for between group analyses 
and Spearman’s correlation used to assess associations between C18:1 thresholds, 
weight and BMI. Significance was accepted at P< 0.05 and all analyses were 
conducted using SPSS (version 21, IBM, Chicago, Illinois, USA). 
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4.5 Results  
4.5.1 Subjects  
Figure 4.2 shows participant recruitment and retention details throughout the 
intervention. Of the 75 subjects who were initially screened for the study, two were 
ineligible to participate due to food allergies, two individuals exceeded the maximum 
age limit (75 years) and one individual was a current smoker. Of the 66 who met the 
eligibility criteria, 16 decided to not participate (5 – work commitments, 3 – personal 
reasons, 9 – no reason / failure to attend baseline testing sessions). Following 
commencement of the study, a further 11 individuals withdrew (4 – difficulty sticking 
to the dietary recommendations, 2 – personal reasons and 5 – no reason). Subjects (n= 
40, 10 male, 30 female, mean age: 38.8 ± 2.9 years, age range: 19 - 75 years, mean 
BMI: 25.5 ± 0.9 kg/m2, BMI range: 18.4 - 45.5 kg/m2) were therefore included in the 
final analysis. Participant demographics at baseline are shown in Table 4.1. There 
were no significant differences in baseline characteristics between the two diets (P> 
0.05 for all).  
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Figure 4.2: Participant recruitment and retention details.   
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 Table 4.1: Baseline characteristics of subjects.  
Data are presented as mean ± SEM. n, number; y, years; m, metres; kg, kilograms; 
BMI, body mass index.  
 
 
4.5.2 Energy and macronutrient consumption   
Total energy intake (kJ), and macronutrient distributions (g and % energy) for the low-
fat diet and Mediterranean diet are displayed in Table 4.2. There were no significant 
differences in baseline dietary intakes between groups. Compared to baseline, 
consumption of the low-fat diet trended towards decreasing total energy 
[F(2,17)=3.07, P= 0.07], and significantly decreased grams of dietary fat [F(2, 
17)=10.83, P= 0.01] and the proportion of energy from fat [F(2,17)=12.61), P< 0.001]. 
Intake of carbohydrates (g) significantly increased [F(2,17)=11.16), P= 0.02), while 
no changes in the consumption of protein (g) or proportion of energy derived from 
proteins was observed. Following the Mediterranean diet, no changes were observed 
for total energy intake (kJ), fat (g) or proportion of energy derived from fat (Table 
4.2). No differences in carbohydrate (g or proportion of energy) or protein intakes (g 
or proportion of energy) were recorded.  
 All (n= 40) Low-fat  (n= 20) Mediterranean (n= 20) 
Age (y) 
Age range (y) 
38.8 ± 2.9 40.1 ± 3.7 
22-72 
37.1 ± 4.6 
19-75 19-75 
Gender (female, n)  30 14 16 
Height (m) 1.7 ± 0.2 1.7 ± 0.1 1.7 ± 0.1 
Weight (kg)  69.8 ± 2.6 73.8 ± 4.1 75.8 ± 3.1 
BMI (kg/m2) 25.5 ± 0.9 26.2 ± 1.1 24.2 ± 1.1 
BMI range (kg/m2) 18.4-45.5 18.9-45.4 18.4-37.2 
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Table 4.2: Dietary energy and macronutrient changes between the low-fat diet and 
Mediterranean diet at baseline, week 5 and week 10.   
  Low-fat  
(n= 20) 
Mediterranean  
(n= 20) 
P value 
 
Total energy 
(kJ) 
    
 Baseline 7143.6 ± 668.2 7428.7 ± 789.9  
 Week 5 5682.3 ± 585.1 7492.6 ± 689.2  
 Week 10 5640.7 ± 599.4 7367.1 ± 551.8 0.07 
Total fat (g)     
 Baseline 48.1 ± 6.9 77.9 ± 12.1  
 Week 5  20.1 ± 6.3 79.3 ± 11.0  
 Week 10 23.3 ± 9.0 73.9 ± 10.3 0.01a 
CHO (g)     
 Baseline 202.1 ± 24.8 204.8 ± 24.8  
 Week 5  253.6 ± 20.3 221.6 ± 26.2  
 Week 10 265.9 ± 25.6 216.9 ± 26.3 0.02a 
     
Protein (g)     
 Baseline 85.3 ± 11.5 72.7 ± 6.1  
 Week 5 90.1 ± 11.0 70.0 ± 6.8  
 Week 10 88.6 ± 10.8 68.7 ± 6.5 0.01a 
Total fat (%)     
 Baseline 28.3 ± 2.9 32.9 ± 2.2  
 Week 5 13.3 ± 1.7 34.6 ± 4.0  
 Week 10 14.0 ± 2.5 34.3 ± 3.9 <0.001a 
CHO (%)     
 Baseline 28.3 ± 2.7 43.7 ± 2.6  
 Week 5 53.2 ± 2.1 44.2 ± 2.5  
 Week 10 54.9 ± 2.2 42.2 ± 2.4 0.03a 
Protein (%)     
 Baseline 27.3 ± 2.4 16.5 ± 1.4  
 Week 5 26.3 ± 2.0 18.6 ± 1.6  
 Week 10 24.9 ± 2.1 17.3 ± 1.5 0.81 
Data are presented as mean ± SEM. n, number; kJ, kilojoules; g, grams; CHO, 
carbohydrates.  
a indicates P value for a main effect of time using repeated measures ANOVA.  
Significance accepted at P< 0.05.  
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4.5.3 Satiety measures  
Energy intake at buffet meal  
There was a significant time effect [F(2,37)=3.4, P= 0.04] and time*group interaction 
[F(2,37)=10.9, P< 0.001] on energy consumption at the buffet meal whereby the low-
fat diet induced a significant decrease in energy consumption by week 10 (baseline: 
3868.0 ± 345.5 kJ; week 5: 3527.6 ± 272.2 kJ; week 10: 2929.0 ± 283.5 kJ, P= 0.04, 
Figure 4.3). The Mediterranean diet trended towards increasing energy intakes at the 
buffet lunch from baseline to week 10 (baseline: 3423.2 ± 235.2 kJ, week 5: 3878.8 ± 
291.1 kJ, week 10: 3788.4 ± 268.2 kJ), however this did not reach significance (P= 
0.053). At baseline, there was a positive correlation between energy intake at the buffet 
meal and C18:1 detection thresholds (r= 0.49, P= 0.01), with no association at week 5 
or week 10 for either diet (P> 0.05 for all).  
 
Amount of food consumed  
There was a significant time*group interaction effect [F(2,37)=4.6, P<0.001] on 
amount of food consumed (g) at the buffet meal (Figure 4.4). A decrease in the amount 
of food consumed (g) was observed following consumption of the low-fat diet 
(baseline: 839.8 ± 58.7 g, week 5: 748.3 ± 44.7 g, week 10: 658.3 ± 45.3 g, time effect, 
F(2,37)=9.45, P<0.001), with no change following the Mediterranean diet. A positive 
correlation between grams of food consumed at the buffet meal and C18:1 detection 
thresholds (r= 0.40, P= 0.01) was observed at baseline, but not at any other testing 
week (P> 0.05 for all).  
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Figure 4.3 and Figure 4.4: Comparison of energy (kJ) and grams of food (g) 
consumed at a buffet meal between low-fat diet and Mediterranean diet groups over 
the 10-week intervention period. (A) Energy intake and (B) grams of food consumed 
decreased at week-10 (WK10) as a result of the low-fat diet (LFD), as detected by 
repeated measures ANOVA. There were no changes following the Mediterranean diet 
(MD). *denotes significance at P< 0.05.   
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Perceived satiety scores 
Subjects reported low levels of fullness and moderate levels of hunger prior to lunch 
for both diets at each time point. Time effects were observed for fullness [F(2,30)=4.2, 
P= 0.03], hunger [F(2,34)=3.64, P= 0.04] and prospective meal consumption 
[F(2,34)=148.78, P< 0.001], with no significant effects on desire to eat, prospective 
snack consumption, or amount of food able to be consumed. There were no significant 
effects or differences between groups for any satiety measure after the buffet lunch. 
Scores are shown in Table 4.3.   
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Table 4.3: Perceived satiety scores between low-fat and Mediterranean diets before 
and after consumption of a buffet style lunch. 
  Low-fat diet 
 (n= 20) 
Mediterranean diet  
(n= 20) 
 
Score (mm)  Prior After Prior After 
Fullness       
 Baseline 38.3 ± 5.2 82.1 ± 3.1 30.3 ± 5.8 85.4 ± 2.3 
 Week 5 28.3 ± 4.9 83.8 ± 2.7 29.2 ± 5.5 84.9 ± 2.8 
 Week 10 26.2 ± 4.6 81.7 ± 2.4 24.8 ± 4.4 85.1 ± 1.9 
Hunger       
 Baseline 56.9 ± 6.3 9.5 ± 3.8 57.0 ± 4.9 8.2 ± 0.7 
 Week 5 62.6 ± 4.9 8.7 ± 1.8 63.9 ± 5.3 7.5 ± 4.8 
 Week 10 63.2 ± 6.7 10.1 ± 1.8 69.9 ± 3.3 7.3 ± 1.7 
Desire to 
eat 
     
 Baseline 59.4 ± 6.3 12.9 ± 4.1 67.2 ± 5.8 7.2 ± 2.2 
 Week 5 64.2 ± 6.1 9.5 ± 2.2 74.0 ± 5.0 13.2 ± 4.9 
 Week 10 70.4 ± 4.7 11.6 ± 5.4 70.1 ± 5.3 8.4 ± 1.6 
Snack       
 Baseline 63.3 ± 8.6 19.2 ± 5.4 85.0 ± 6.3 21.3 ± 8.2 
 Week 5 74.4 ± 7.2 11.0 ± 2.5 88.7 ± 3.6 15.6 ± 5.3 
 Week 10 74.1 ± 7.4 12.0 ± 2.7 89.7 ± 5.3 13.2 ± 4.5 
Meal       
 Baseline 67.6 ± 7.6 9.1 ± 5.2 69.7 ± 6.6 1.1 ± 0.3 
 Week 5 66.5 ± 6.5 12.8 ± 6.7 78.8 ± 4.4 1.2 ± 0.4 
 Week 10 71.2 ± 6.5 5.2 ± 1.2 77.9 ± 5.6 1.9 ± 0.9 
How much 
food  
     
 Baseline 57.0 ± 4.7 15.1 ± 4.1 55.1 ± 4.3 11.9 ± 3.5 
 Week 5 56.1 ± 4.2 9.0 ± 1.6 63.9 ± 3.7 9.1 ± 1.7 
 Week 10 59.6 ± 4.5 13.4 ± 1.2 65.2 ± 4.1 7.8 ± 1.7 
Data are presented as mean ± SEM. n, number.  
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Macronutrient consumption of the buffet meal  
The amount of fat (g) and carbohydrates (g) consumed at the buffet meal significantly 
decreased in response to the low-fat diet (Table 4.4). There was no change in the 
amount of protein (g or %) or percent fat or carbohydrates for either low-fat or 
Mediterranean diet.  
Table 4.4: Energy and macronutrient changes following the buffet meal between the 
low-fat and Mediterranean diet at baseline, week 5 and week 10. 
  Low-fat diet 
(n= 20) 
Mediterranean 
diet  
 (n= 20) 
P-value 
 
Total fat (g)     
 Baseline 43.9 ± 3.7 36.1 ± 2.3  
 Week 5 38.4 ± 3.0 40.6 ± 3.0  
 Week 10 30.5 ± 3.5  40.0 ± 3.1 0.04* 
Protein (g)     
 Baseline 27.3 ± 3.0 26.9 ± 2.0  
 Week 5 27.2 ± 3.0 31.2 ± 2.4  
 Week 10 27.0 ± 2.9 31.0 ± 3.3 0.24 
CHO (g)     
 Baseline 103.0 ± 9.6 92.1 ± 7.0  
 Week 5 92.7 ± 7.6 98.5 ± 6.8  
 Week 10 72.7 ± 8.6 97.9 ± 7.5 0.02* 
     
Total fat (%)     
 Baseline 40.4 ± 0.6 39.2 ± 0.4  
 Week 5 40.3 ± 0.6 38.9 ± 0.5  
 Week 10 40.1 ± 0.7 37.6 ± 2.1  0.37 
CHO (%)     
 Baseline 44.6 ± 0.7 44.6 ± 0.5  
 Week 5 43.1 ± 1.8 41.3 ± 0.5  
 Week 10 42.3 ± 1.8 43.9 ± 0.6 0.42 
Protein (%)     
 Baseline 13.1 ± 0.4 13.4 ± 0.4  
 Week 5 13.3 ± 0.4 13.4 ± 0.5  
 Week 10 13.7 ± 0.4 13.6 ± 0.4 0.89 
Data are presented as mean ± SEM. g, grams; n, number; CHO, carbohydrates.  
*denotes significance at P< 0.05.  
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4.5.4 Fatty acid taste sensitivity  
There was no difference in baseline C18:1 detection thresholds between groups (P> 
0.05). Consumption of the low-fat diet induced a significant decrease in thresholds 
over the 10-week period (baseline: 8.4 ± 1.5 mM, week 5: 4.5 ± 0.6 mM, week 10: 4.2 
± 0.7 mM, time effect: F(2,37)=3.32, P= 0.05), with no change observed in the 
Mediterranean diet group (baseline: 6.7 ± 1.5 mM,  week 5: 6.4 ± 1.4 mM, week 10: 
6.8 ± 1.4 mM, P> 0.05, Figure 4.5). No correlations were observed between C18:1 
detection thresholds and habitual energy intake, or fat intake at baseline (P> 0.05 for 
all). 
 
Figure 4.5: Comparison of oleic taste thresholds following consumption of a 10-week 
low-fat and Mediterranean diet. The low-fat diet (LFD) induced a significant decrease 
in C18:1 thresholds as detected by repeated measures analysis of variance (ANOVA). 
There were no significant changes following the Mediterranean diet (MD).  
*denotes significance at P< 0.05.  
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4.5.5 Anthropometry  
No differences in BMI were observed at baseline between low-fat and Mediterranean 
diet groups (P> 0.05). A time*group interaction was observed [F(2,37)=6.25, 
P=0.005], with the low-fat diet inducing a significant decrease in both BMI (baseline: 
26.2 ± 1.3 kg/m2, week 5: 25.6 ± 1.2 kg/m2, week 10: 25.3 ± 1.2 kg/m2 [time effect, 
F(2,37)=0.78, P= 0.01] and weight (baseline: 70.9 ± 3.6 kg, week 5: 69.2 ±  3.5 kg, 
week 10: 69.6 ± 3.4 kg) [time effect, F(2,37)=6.25, P= 0.005]. In contrast, no changes 
in BMI or weight were observed with the Mediterranean diet, with no difference 
between groups (Figures 4.6 and 4.7).   
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Figures 4.6 and 4.7: Comparison of (A) weight and (B) BMI changes following a 10-
week low-fat and Mediterranean diet. Weight and body mass index (BMI) 
significantly decreased following the low-fat diet (LFD) as detected by repeated 
measures analysis of variance (ANOVA). There were no changes following 
consumption of the Mediterranean diet. *denotes significance at P< 0.05. 
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4.5.6 Hedonic ratings for regular and lowered fat foods 
There were no differences in baseline liking values between groups at the start of the 
intervention (Table 4.5). Liking for regular fat biscuits trended towards increased 
liking following the Mediterranean diet (time effect: F(2,14)= 0.49, P= 0.08) and there 
was a trend for increased liking of low-fat hummus following consumption of the low-
fat diet (time effect: F(2,14)=1.1, P= 0.06). These values however this did not reach 
significance. No other significant differences were observed for liking of regular fat 
or lowered foods over both dietary interventions (P> 0.05 for all foods). 
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Table 4.5: Comparison of liking for regular and lowered fat foods follow a 10-week low-fat and 
Mediterranean diet. 
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4.5.7 Fat ranking task 
There were no differences in baseline values prior to either intervention. While scores 
increased in response to both diets at week 10, this change was not significant for 
either intervention (low-fat diet: baseline: 0.6 ± 0.2, week 10: 1.6 ± 0.4; 
Mediterranean diet: baseline: 0.6 ± 0.2, WK10: 1.6 ± 0.5, z= -3.0, P= 0.37).  
 
4.5.8 6-n-propylthiouracil (PROP) taste sensitivity  
There was no correlation between PROP sensitivity and C18:1 detection thresholds 
at baseline (r= -0.27, P= 0.89), or between PROP sensitivity and scores on the fat 
ranking task (r= 0.01, P= 0.95). Scores did not change across diets (low-fat diet: 
baseline: 26.8 ± 4.9, week 5: 26.9 ± 3.6, week 10: 30.4 ± 4.6; P= 0.72; Mediterranean 
diet: baseline: 35.3 ± 3.2, week 5: 35.4 ± 4.6, week 10: 33.3 ± 4.0, P= 0.65).  
 
4.5.9 Papillae density  
The mean number of fungiform papillae identified on the tongue was 5.7 ± 0.5. There 
was no association between papillae number at baseline and C18:1 taste thresholds 
(r= -0.25, P= 0.12), fat perception (r= 0.15, P= 0.37) or PROP taste sensitivity (r= 
0.02, P= 0.10).   
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4.6 Discussion  
The present study investigated the influence of a long term dietary intervention on 
energy intake, satiety, fat perception and hedonic ratings for fatty foods, while 
assessing the possible link with fatty acid taste sensitivity. The major finding was 
that a 10-week low-fat diet was attributed with a significant decrease in food 
consumption at a buffet meal, while remaining satiated and these changes were 
coupled with increased oral sensitivity to fatty acids. Conversely, the 10-week 
Mediterranean diet did not influence food consumption at a buffet meal or sensitivity 
to fatty acids. Taken together the findings support the hypothesised regulatory role 
of fatty acid taste sensitivity in food consumption.  
 
When comparing the start and end of the 10-week intervention, a low-fat diet (<20% 
energy from dietary fat) resulted in a marked decrease in food intake (by 
approximately 924 kJ and 195 g), and induced a two-fold decrease (increased 
sensitivity) in C18:1 taste thresholds. In contrast, subjects on the Mediterranean diet 
consumed a moderate amount of fat (30 - 35%), essentially equivalent to baseline 
intakes (approximately 33% energy from fat) and there were no significant increases 
in food consumption at the buffet meal or fatty acid taste thresholds. Moreover, at 
baseline, a positive association between C18:1 detection thresholds and energy intake 
at the buffet meal was identified. Minor changes in perceived satiety responses 
(fullness, hunger and prospective meal consumption) were observed from baseline to 
week 10, but there were no significant differences for other measures, or for measures 
between diets, suggesting that despite differing fat intakes, neither diet induced 
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greater satiety compared to the other and participants maintained relatively 
comparable measures of hunger, fullness and prospective meal consumption 
throughout the intervention. It was perhaps surprising that no significant difference 
in perceived satiety measures was observed between the two diets, despite a decrease 
in quantity and energy intake in subjects following the low-fat diet. This raises a 
number of possibilities including; 1/ after the buffet lunch both groups of subjects 
were comfortably satiated, and perhaps not consciously so or 2/ the VAS measure 
was not sensitive enough to pick up differences in perceived hunger or fullness. 
Whatever the reason, the data from actual food intake measures suggests a dietary 
induced reduction of fat decreased food intake at subsequent meal.  
 
Importantly, the data expands on previous work and supports the coordinated 
response between the oral cavity and GI tract, as identified previously by Stewart et 
al. (20) where attenuated sensitivity was associated with increased fat intake, weight 
and decreased GI fatty acid sensitivity. The current findings also expand on the 
functional role of fatty acid taste sensitivity and complement a recent publication 
where those with impaired fatty acid taste sensitivity consumed more food (energy 
and quantity) at single buffet meal, in comparison to hypersensitive subjects 
following acute consumption of a high-fat breakfast (21). In this paradigm, it is 
suspected that a diminished sensory response to fat leads to an increase in the amount 
of fat needed to elicit appropriate satiety response, therefore increasing susceptibility 
to overeating. As dietary fat has been implicated in weight gain (4) there are positive 
implications to the findings of this study; if consuming a low-fat diet over a prolonged 
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period, an individual may consume less food and energy while still maintaining 
satiety and satisfying hunger levels.  
 
The 10-week restriction of dietary fat was accompanied by significant decreases in 
weight (kg) and BMI. Energy intake was lower at end of the dietary period (7143.6 
kJ at baseline compared to 5640.7 kJ at week 10), although this change was not 
significant. Marked decreases in fat (grams) and total energy from fat were expected, 
and observed. Those on the Mediterranean diet consumed more grams of fat and 
proportion of energy from fat and by contrast, there were no observed changes in 
anthropometric measurements which remained relatively consistent throughout the 
intervention. In addition, there were no observed changes in protein or carbohydrate 
intakes and given there were significant directional shifts in weight, BMI, and 
macronutrient consumption and therefore suspect participants complied with their 
prescribed diet. The data also supports the notion that reductions in dietary fat intake 
can be useful in weight loss interventions (156), although it would be interesting to 
dissociate changes in fatty acid taste thresholds from changes in anthropometric 
measurements in future studies. The energy densities of each test diet differed in this 
study and whether weight loss is associated with increased fatty acid taste sensitivity 
is yet to be determined. Early work by Kendall et al. (180) and Lissner et al. (181) 
demonstrated the effects of fat reduction in the diet, decreased food intake and 
consequent weight loss. Given the current study was similar in its approach, future 
research will need to develop interventions that control for changes in weight loss 
and energy intake, for example, low-fat, high-kilojoule diet, compared to a low-fat, 
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low kilojoule diet, so that fatty acid taste sensitivity and changes in weight can be 
decoupled and changes in sensitivity, exclusive of energy intake and weight loss can 
be monitored. 
 
The mechanisms underlying changes in energy intake and fatty acid taste thresholds 
remain elusive. The environmental influence of nutrient exposure / restriction 
throughout the alimentary canal has been reported previously, for example, an 
increased intake of dietary sodium results in reduced salt taste sensitivity while the 
reverse occurs following sodium restriction (157, 158). In agreement with this 
phenomena, and with prior work by Stewart and Keast (81) it has been previously 
shown that a similar relationship exists with fat intake and fatty acid taste sensitivity, 
whereby a 4-week low-fat dietary intervention increased sensitivity to C18:1 in both 
lean and overweight subjects, and comparatively, a high-fat diet decreased sensitivity 
(although in lean subjects only) (81). The effects of fat exposure / restriction on the 
GI tract have also been reported, for example, acute (2-week) dietary fat exposure 
induces impairments in GI motility (115), while others have reported accelerations 
in gastric emptying following a high-fat diet (116, 117). This highlights that like the 
oral cavity, the small intestine also appears to be highly sensitive to changes in the 
nutrient composition of the diet, as well as energy intake and the current study 
supports the influence of longer term dietary fat modifications on these changes.  
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Associations between BMI and taste thresholds for C18:1 were investigated as part 
of the current investigation, although in contrast to previous work where positive 
relationships have been identified between these two variables (6, 7, 11, 76), similar 
findings were not observed throughout the course of the diet. Studies who have 
successfully identified these associations have stratified the population according to 
C18:1 taste sensitivity (6, 7) whereby hypersensitive individuals can identify C18:1 
at concentrations <3.8 mM, while hyposensitive individuals detect amounts above 
this point (6). Studies who have not found associations do not use these sensitivity 
separation methods, and rather a more complete threshold design which may be one 
of the reasons for conflicting findings. Other factors presumably contribute to these 
contradictory results. For example, it is well known obesity results from myriad 
factors (29) and it is important to note that not all obese individuals will have 
impaired taste sensitivity, and this may be an influential factor for only a proportion 
of the obese population.  
 
It was suspected that several adaptive changes occurred during the course of the 
intervention which may have discouraged energy intake, and contributed to satiety. 
Key putative fatty acid taste receptors such as GPCRs (GPR120 and GPR40) and 
fatty acid transporter CD36 located in the oral cavity are activated following 
stimulation with free fatty acids, and homology with the GI tract has been identified 
in prior reports (20) where adaptation of taste receptors in response to dietary changes 
has been supported by work from animal models, for example, in mice reduced CD36 
expression follows after consumption of high-fat diet (121), while recent findings 
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focusing on the expression of intestinal fatty acid sensing mechanisms in humans 
have shown that these are altered with increasing BMI (122). In humans subjects, 
while receptors such as CD36 have been identified within the GI tract and on the 
human tongue, few studies have assessed their role in fatty acid taste perception, 
although some authors have suggested certain sequence variations in the CD36 gene 
may also meditate fat preference in humans (56). Whether diet induced changes 
results in increased expression of certain receptors in humans and therefore 
heightened sensitivity to fatty acids, is a plausible explanation, although this is yet to 
be explored. If these changes also modulate corresponding satiety responses and 
suppression / or increased appetite will be a focus of future work, which will need to 
clearly ascertain what role genetic factors play in this process.  
 
With the results from the study, the following is hypothesised; a forced reduction in 
dietary fat intake increases sensory responses to fatty acids throughout the alimentary 
canal, possibly via increased fatty acid receptor expression (e.g. CD36, GPR140 and 
GPR120). An increased expression of fatty acid receptors increases fat sensing ability 
throughout the alimentary canal which then becomes an important factor in the 
regulation of food intake, without consciously affecting satiety. This decrease in food 
consumption leads to anthropometric changes, including a reduction in weight and 
BMI.  
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Oral responses to triglycerides in common food mediums have been previously 
investigated for links to fat liking or preference, fat intake or BMI status (7, 56, 81, 
159), where for example, heightened fat perception amongst hypersensitive 
individuals has been described (7). In the present study, while scoring on the fat 
perception task did increase with both diets, this was not a significant finding. A 10-
week diet should have been sufficient enough to detect these changes, however this 
study did not observe similar findings. The fat content range was relatively narrow 
(0, 2, 6 and 10% canola oil by weight) and it may have been difficult for subjects to 
discriminate between these small differences. It is possible a larger fat content range 
was needed, for example, a prior study which successfully identified differences in 
fat perception ability used salad dressings which ranged in fat content from 5 to 55% 
(56). Previous work (81) has also reported only minor changes in hedonics of regular 
and lowered fat foods, which was likely a result of the short (4-week) intervention 
period, however in a similar vein, this study did not identify any changes in liking. 
Previous studies have identified decreased liking for high-fat foods following a 12-
week reduced fat diet (114), while work on salt taste has identified changes in taste 
preferences for salty foods after a five month intervention period (157). Accordingly, 
it was possible a longer time frame may be required to see similar changes in 
preference, however it should be noted that only some foods trended towards 
significance.  
 
Secondly, as observations from previous studies have indicated either minor, or 
trends toward hedonic shifts for high or low-fat foods as a result of prior dietary 
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exposure, collectively these reports indicate that preference for fatty foods is difficult 
to modify. Liking for fatty food undoubtedly influences ingestion (32) and key to 
reducing overconsumption of high-fat food is understanding the underlying 
mechanisms which guide these behaviours. Accumulating research suggests inherent 
variation in the putative fatty acid receptor, CD36 and in particular two 
polymorphisms (rs1761667 and rs1527483) are associated with increased preference 
for fatty foods (60, 129), and this innate desire could potentially explain resistance 
with prolonged dietary modification. At present, there appears to be a large research 
focus within this area and future work is required to conclusively reveal the role of 
genetic underpinnings of fatty food preference, and how this knowledge can be used 
to ultimately decrease intake of fatty foods.  
 
Finally, the scale used to assess liking (the HgLMS) was different to that used in prior 
publications which frequently use a 9-point hedonic scales for assessment (81, 114). 
It has previously been reported however that the HgLMS is more valid for across 
group comparisons, as the scale ends represent the most liked / disliked experience 
of any kind, and the foods tested are evaluated with these end points in mind (130). 
Consequently, this should have allowed for accurate comparisons over time, and 
between diet groups. It is speculated that as a number of the foods assessed in the 
study were those restricted from the diet (for example, even lowered fat versions of 
peanut butter and tasty cheese were to be either excluded or restricted from the low-
fat diet as they were considered to be high-fat foods), these foods may have been well 
received and pleasantly rated at the week 5 and week 10 testing sessions. The results 
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regarding liking were not in line with the study’s hypothesis. The instruments to 
measure liking may not have captured actual differences, but taken together with the 
other results from the study, it is plausible that actual food intake may have 
effectively decreased intake in response to a low-fat diet, without consciously 
influencing fullness or liking.  
 
The major finding of this study was regarding dietary influences on satiety and fatty 
acid taste sensitivity, however it is also important to investigate other influences on 
taste, including differences in fatty acid receptor functionality or papillae density. 
Prior reports have suggested a higher density of papillae is linked to heightened oral 
sensitivity to other tastants (126, 136), presumably due to an increased number of 
taste receptors, while additional research suggests those with greater numbers of 
papillae are more likely to be classified as PROP-tasters (125). Only a single study 
appears to have investigated associations between papillae density and fatty acid taste 
sensitivity (55), however the present study was unable to identify any relationship 
between fungiform papillae number and oral sensitivity to C18:1, nor were there any 
associations between fat perception ability or taste sensitivity to PROP. A wide range 
of fungiform papillae has been reported in the literature, which may range in 
concentration from 5 - 60 per 6 mm area (depending on sensitivity), though there 
have been studies indicating that some individuals may have upwards of 230 papillae 
(126). In comparison, a mean of five papillae per 6 mm area was reported in the 
present study and it is possible that methodological difference account for lack of 
associations. Others who successfully identified associations between papillae 
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density and PROP, for example Hayes and Duffy (155), have used video microscopy 
for recording density, which has been identified as the gold standard (136). While it 
has been determined that the same level of identification is possible with digital 
camera (136), the way in which the procedure is carried out differs slightly between 
research groups, for example, some authors report staining half the tongue with dye 
(136). Consequently, if the circle marker is placed in an area of the tongue which is 
less populated with papillae, or if a larger area is used, counts are likely to differ, and 
this may explain the lack of associations within this study.   
 
The findings of this study should be considered alongside several limitations. 
Firstly, physical activity, individual energy requirements or phase of the menstrual 
cycle which may have influenced food intake at the buffet meal were not taken into 
account, but as marked changes in food intake following one diet and not the other 
were observed, these factors may not have had too large of an effect. In addition, it 
is acknowledged that food consumption in an experimental environment may not 
always represent a real life eating situation (160). Many participants following the 
low-fat diet cited weight loss as a one of their goals throughout the study period, 
despite this not being a purpose of the study. Taking this into account, it is possible 
food intake at the buffet meal may have been more a result of a cognitive, as 
opposed to a sensory effect (ie. those on the low-fat diet may have made a focused 
effort to consume less food at the buffet meal). However, as subjects on the 
Mediterranean diet also cited similar weight loss reasons for participation food 
intake results should have been reflective of dietary changes in fat intake. The 
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influence of gender and age and how these factors impact taste thresholds and 
eating behaviours were not taken into account. Finally, a single diet diary at each 
week of the intervention was collected from participants to determine dietary intake 
and compliance, however it is recognised that self-reported dietary intake may not 
always reflect habitual eating, however collecting diet diaries is still considered a 
suitable and practical method for assessing food intake (161).  
 
4.7 Conclusions  
The present study highlights the role of fatty acid taste sensitivity throughout the 
alimentary canal, in satiety and food consumption. It was identified that a long-term 
(10-week) low-fat dietary regime increases satiety, as assessed through behavioural 
measurements. Participants consumed less food at a buffet lunch meal over the course 
of the diet, while no changes in food consumption were observed in those consuming 
a Mediterranean diet, which contained a moderate amount (30 – 35%) dietary fat. 
While this requires further validation, a plausible association with fatty acid taste 
sensitivity was identified. Alongside changes in food intake, the low-fat diet also 
increased sensitivity to C18:1 (decreased thresholds), with no changes observed in 
the Mediterranean diet group, suggesting that there are indeed physiological controls 
which control food intake, and these may be compromised in response to dietary 
changes. These findings raise interesting implications; if one chooses to consume a 
low-fat diet in the long term, an individual may consume less food and energy at 
subsequent meals, while still maintaining the feeling of fullness and eating until 
satisfied. Impaired satiety and associated responses throughout the GI tract are 
associated with overeating (15), where the satiating effect of fat may be diminished 
Chapter 4 – The effect of diet on food intake, satiety and fatty acid taste sensitivity   
 
 137   
    
in obesity, leading to further food consumption and possibly weight gain. Impaired 
fatty acid sensing has been shown to contribute to these responses, or lack thereof 
and therefore targeting this mechanism may be an effective strategy. Identifying the 
pathways linking fatty acid taste sensitivity with development of obesity may provide 
exciting new targets for the treatment, or prevention, of obesity, solutions to 
regulating energy intake and possibly the pathogenesis of obesity.   
 
4.8 Future directions  
This intervention requires further validation and notably, should be trialled on obese 
individuals to test whether this is an effective strategy for reducing food intake in a 
population prone to overeating and weight gain. Much more work is still required to 
understand the molecular and cellular mechanisms involved in oral and GI fatty acid 
detection and how their manipulation, both acutely and chronically influences energy 
balance and body weight. For example, a next logical step is to isolate tongue papillae 
from humans, and analyse whether fatty acid taste receptor expression can be 
modulated with a high or low-fat diet over a long term intervention period. If these 
changes also modulate corresponding satiety responses and suppression / or 
increased appetite will be a focus of future work, which will need to clearly ascertain 
what role genetic factors play in this process.
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Studies 3a and 3b: Assessing fatty acid taste sensitivity 
and fatty food preferences in twins  
 
5.1 Introduction  
Dietary fat is an essential macronutrient and should contribute to no more than 35% 
daily energy however, intakes which exceed this level may contribute to the 
development of overweight and obesity (34-36), increasing susceptibility to a number 
of non-communicable diseases (162). A decreased ability in detecting fatty acids in 
the oral cavity be may be an important contributor to over consumption of dietary fat 
and corresponding increases in weight and body mass index (BMI) (6, 7, 11, 80). 
Similarly to other tastants, there is marked inter-individual variability in fatty acid 
taste perception where, for example, oleic acid (C18:1) can be detected over a range 
of millimolar concentrations (0.02 – 20 mM). This variation has been shown to 
correspond to BMI status and other dietary behaviours; C18:1 hyposensitive subjects 
have been shown to have a higher BMI and consume more dietary fat compared to 
hypersensitive individuals who are characterised as being more orally sensitive to the 
‘taste’ of C18:1 (6). Similar associations have also been supported by numerous other 
research groups, for example Chevrot et al. (11) recently found obese individuals had 
impaired orosensory perception of linoleic acid (C18:2), while Keller et al. (129) 
identified that fat perception ability is also impaired in heavier individuals. As food 
selection behaviours influence health and overall nutrition status, understanding how 
individual differences in fatty acid taste sensitivity and by extension, fat preferences, 
are formed are of particular interest. Origins of these differences however are yet to 
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be fully understood, although it is strongly suspected that both environmental and 
genetic influences contribute (12). Given wide individual variations in fat 
consumption and fat preference exist, this could suggest genotype may potentially 
influence these characteristics. The idea that genetic predisposition may guide food 
preferences is not novel, for example, it has been shown that genetic variation in 
sensitivity to 6-n-propylthiouracil (PROP), a bitter compound with well-known 
genetic variation, is associated with the ingestion of bitter foods (73). Other tastes 
such as sweet and sour have also been shown to have at least in part a genetic 
component (163), although there is much less known about genetic influences which 
underlie fatty acid taste sensitivity. Several lines of evidence however have now 
supported the role of genotype in fatty acid taste sensitivity and its influence on 
obesity, with much focus on the fatty acid transporter, Cluster of Differentiation 36 
(CD36) (164). In rodent models, abolishing the CD36 gene coincides with a 
decreased preference for fatty acid, while in human subjects genetic variation in the 
CD36 receptor may mediate fat preference (129) and play a role in the detection of 
fatty acids in humans (60).  
 
Other factors affecting fatty acid taste sensitivity may well be under genetic control. 
As mentioned earlier, evidence also exists that the ability to taste PROP, a synthetic 
bitter compound is inherited and underlying this phenotype is the TAS2R38 gene 
whereby those who express the gene, display heightened sensitivity to the chemical 
(124). The relationship between the PROP taster phenotype and fatty food preference 
has been suggested (119), however has not yet been entirely established. PROP taster 
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status has also been linked to fat perception ability (79, 128) however not all authors 
report similar findings.   
 
In terms of fatty food liking or preference, studies have illustrated both human and 
animal models show spontaneous attraction to fats (38, 66) which makes sense given 
fats are extremely palatable (32). Studies do suggest fat preference is moderately 
heritable (33) and recent human studies have also explored this possibility, 
suggesting that the allelic variation may mediate preference for fats (129). Some food 
preferences are innate, such as the taste for sweet sucrose, and the general avoidance 
for bitter and sour tastes (165), while other preferences develop throughout the 
lifespan as a result of flavour conditioning, repeated exposure and the influence of 
the family environment (166). In regards to fat, children are predisposed to like high-
fat foods although little evidence suggests that fat preference is innate in young 
children (167) and may be more so a result of the aforementioned influences.  
 
At this stage, it remains unknown whether there is a predisposition to a compromised 
oral fat detecting ability or whether sensitivity and / or preference is influenced by 
environmental factors, such as previous dietary exposure. Increased accessibility and 
availability of high-fat foods undoubtedly contributes to fatty food overconsumption, 
it is suspected that these types of environmental factors would contribute. 
Environmental influences have been shown for other orally detected compounds, 
including sodium  (112) and monosodium glutamate (MSG) (113), for example acute 
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sodium restriction / exposure, which has been linked to heightened or decreased 
sensitivity, respectively, and the same phenomena also occurs with MSG. This type 
of association is thought to similarly exist with dietary fat where Stewart and Keast 
(81) found in lean individuals, attenuated taste sensitivity follows after exposure to a 
high-fat (45%) and low fat (<20%) diet over a 4-week period. Additionally, diet 
induced hedonic shifts have also been reported by Mattes (114) where adherence to 
a 12-week low-fat dietary regime decreased hedonic ratings of high-fat foods. Studies 
however do not consistently report these types of preference changes, for example 
Stewart and Keast (81) reported minor hedonic shifts in preferences for fatty foods 
(liking for lowered-fat yoghurt increased in response to a low-fat diet, however the 
same effect was not shown for other foods). Results from this study perhaps suggest 
that fatty acid taste sensitivity is responsive and adaptive to dietary changes, while 
liking or preferences could be more resistant, and linked to genetic factors.  
 
As taste sensitivity is known to impact food consumption, and more specifically, fatty 
acid taste sensitivity may guide differences in intake of high-fat foods (12), a greater 
understanding of these factors may help implicate the underlying mechanisms 
guiding the over consumption of fat. Additional work is required to resolve the role 
of genetic and physiological influences, and how these contribute to differences in 
fat intake and nutritional status. When assessing phenotype and whether genetics play 
a role in food behaviours, twin studies provide useful methodology. Monozygotic 
(MZ), or identical twins share 100% of the genome, while dizygotic (DZ), or fraternal 
twins share on average 50% of the same genes and are no more genetically alike than 
siblings (168). Twin studies are able to control for confounding variables such as age, 
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sex and genetic predisposition (118) and can provide genetically informative 
information, ultimately affecting selection and intake of fatty foods, however few 
studies have investigated the genetics underlying fatty acid taste  perception using 
twin subjects. Two pilot studies were therefore conducted within this Chapter; the 
first recruited MZ twins to assess similarity for fatty acid taste sensitivity, and in 
addition, measures of fatty food liking, and PROP taste sensitivity and the second 
compared fatty food liking between MZ and DZ pairs.  
 
5.2 Aims and hypotheses  
5.2.1 Aims 
The two studies conducted as part of this Chapter aimed to:  
x Use a cross sectional MZ twin pairs design to analyse within pair differences 
for fatty acid taste sensitivity, fat perception, fatty food liking and PROP taste 
sensitivity and  
x Compare fatty food liking between MZ pairs and DZ pairs.  
 
5.2.2 Hypotheses 
x Fatty acid taste sensitivity will be under some genetic control, but 
environmental factors, such as diet, will also be apparent.  
x There will be no difference in liking for fatty foods between MZ or DZ twin 
pairs indicating environment is a key factor in the development of 
preference.  
Chapter 5 – Assessing fatty acid taste sensitivity and fatty food preference in twins   
 
 143   
    
x PROP taste sensitivity will be highly correlated between MZ twins, but will 
have no relationship with fatty food preference.  
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Study 3a: Fatty acid taste thresholds and fatty food liking in 
monozygotic (MZ) twins 
 
5.3 Subjects, materials and methods  
5.3.1 Subjects  
Eligible MZ twins aged 18 - 50 years living in Melbourne, Victoria, Australia were 
invited to participate in the study by the Australian Twin Registry (ATR), a national 
volunteer register of twins. Exclusion criteria were smokers, as these individuals are 
known to have impaired taste sensitivity (169) and pairs in which the co-twin was 
unable to, or not interested in participating. Ethics were obtained for this study from 
the Deakin University Human Research Ethics Committee (DUREC 2011-120) and 
all participants signed consent forms.  
 
5.3.2 Study outline 
Study 3a was a cross sectional pilot study designed to assess twin correlation and 
agreement within MZ pairs. Subjects attended the sensory laboratory at Deakin 
University, Burwood on a single occasion where a number of tasks were completed. 
Fatty acid taste sensitivity was determined using established methodology (58), while 
the following were also assessed; fat perception ability, hedonic ratings for high and 
lowered fat foods, PROP taster status and anthropometry. Participants also completed 
a Like - Dislike Questionnaire to assess liking for fatty food.  
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5.3.3 Fatty acid taste sensitivity  
Fatty acid taste sensitivity was measured as previously described in Chapter 2. Test 
solutions were prepared using 5% (w/v) food grade gum arabic (Deltagen, Boronia, 
Victoria, Australia), 5% (w/v) paraffin oil (Faulding Remedies, Virginia, 
Queensland, Australia) and no-fat ultra-heat treated (UHT) milk (Coles, Hawthorn, 
Victoria, Australia). Ethylenediaminetetraacetic acid (EDTA) was used (0.01% w/v) 
to prevent oxidation of the samples. C18:1 was added at varying concentrations (0.02 
- 20 mM) and solutions were homogenised at 12,000 rpm for approximately 30 
seconds per 100 mL to prepare the emulsions.  Control samples were prepared in an 
identical manner, but without the addition of C18:1. Samples were prepared on each 
day of testing, and served at room temperature.  
 
Detection thresholds for C18:1 were determined via a 3-alternate forced choice (3-
AFC) procedure where subjects were asked to identify the ‘odd’ fatty acid containing 
sample from a set of three solutions, with two samples as control solutions with no-
fatty acid. Samples were presented to participants in an ascending series. Subjects 
tasted and expectorated solutions, and if a correct identification was made, an 
identical set of solutions was given. If incorrect, the next highest concentration of 
C18:1 in the series was presented, and a detection threshold was reached once a 
participant correctly identified three fatty acid containing samples in a row. A 
detailed explained of this procedure is explained in Chapter 2, with a schematic 
diagram in Figure 2.1.  Solutions were expectorated and nose clips and red lighting 
were used to prevent the influence of odour or visual cues, respectively. 
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5.3.4 Fat ranking task 
Fat perception was assessed using a custard ranking task, where four samples which 
differed in fat content were offered to participants. The preparation of these samples 
is fully described Chapter 2. Briefly, 40 g custard powder (Foster Clark, Cerebos 
Ltd, Seven Hills, New South Wales, Australia) was combined with 20 g castor sugar 
(CSR, Yarraville, Victoria, Australia) and 500 mL UHT no-fat milk (Devondale, 
Cobram, Victoria, Australia). The mixture was heated in a standard kitchen 
microwave until thick (approximately 3 minutes) and allowed to cool. The mixture 
was divided into four 100 g batches of the mixture and vegetable oil (Coles, 
Hawthorn, Victoria, Australia) was added to each batch to achieve a fat content of 
2%, 6% and 10% in each batch. One batch remained fat-free (0%). Textural 
differences between samples were be eliminated by adding liquid paraffin in varying 
amounts, depending on the fat content of the custard (Table 2.1, Chapter 2). 
Samples were presented in 20 g portions in a randomised order to participants who 
were instructed to rank the custards in ascending order according to their perceived 
fat content, where 1= least fatty and 4= most fatty. Participants were asked to taste 
and swallow each sample. Depending on the order, all subjects received a score out 
of 5 for this task (Table 2.2, Chapter 2), based on the methods of previous studies 
(81).  
 
5.3.5 Hedonic ratings for regular and lowered fat food 
Hedonic ratings for high and lowered-fat foods were assessed to determine potential 
differences in fatty food preference in MZ twins, using methods discussed in 
Chapter 2. Briefly, participants were offered one regular fat and one lowered fat 
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sample of a three types of commercially available foods (cream cheese, chocolate 
mousse and yoghurt as detailed in Table 2.3, Chapter 2). Samples were coded with 
a three digit number and offered in a randomised order. Participants tasted and 
ingested as much of the sample as desired at rated liking on a 9-point hedonic scale 
which ranged from 1= dislike extremely to 9= like extremely.  
 
5.3.6 Like - Dislike Questionnaire  
Twins completed a like-dislike questionnaire which assessed dietary preference 
(130). Twin pairs were instructed to rate like or dislike of 23 food and beverage items 
(including fatty foods) by placing a mark on a 150 mm horizontal hedonic general 
Labelled Magnitude Scale (gLMS). As described in Chapter 2, the scale ends 
represent the strongest imaginable like or dislike of any kind. Before the laboratory 
visit, all participants were sent the questionnaire via post which was to be completed 
and brought to the testing session. 
 
5.3.7 6-n-propylthiouracil (PROP) taste sensitivity 
PROP taste sensitivity was measured as a general marker of genetic taste sensitivity. 
Using methods outlined by others (also explained in Chapter 2), PROP soaked filter 
paper squares (2 x 2.5cm) were prepared. Subjects were offered the PROP squares 
and asked to place it on the centre of the tongue for approximately 5 - 10 seconds 
after which they rated bitterness intensity on a gLMS (135). Descriptors on the gLMS 
are placed at varying positions ranging from ‘barely detectable ’to ‘strongest 
imaginable’. The gLMS is used to rate intensity across a range of sensations, not just 
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taste (135) and to ensure accurate comparisons across individuals, examples of each 
of these descriptors explained to the participant. An example of the ‘strongest 
imaginable’ sensation was the pain caused if a dentist drilled a hole in your tooth 
without anaesthetic, whereas a ‘barely detectable’ sensation was described as the 
taste of paper. 
 
5.3.8 Anthropometry 
To calculate BMI, anthropometric measurements (height and weight) were collected 
from all participants. Prior to any measurements being taken, subjects were asked to 
remove their shoes and any thick or heavy clothing such as thick jumpers, coats or 
belts. Additional items including mobile phones, keys and wallets were removed 
from pockets to ensure accurate measures. Using a free standing stadiometer (Seca, 
MedShop, Fairfield, Victoria, Australia) height was measured to the nearest 
centimetre. Weight was measured using dedicated scales (Tanita Body Scan 
Composition Monitor Scales, Cloverdale, Western Australia, Australia) to the nearest 
0.1 kg.   
 
5.4 Statistical analysis 
Descriptive data are presented as mean ± standard error of the mean (SEM). Twins 
in a pair were arbitrarily assigned as twin 1 or twin 2 and intraclass correlation (ICC) 
analysis used to indicate similarity between members of a pair for all variables. 
Spearman correlation was used to assess associations between continuous variables 
and t-tests were used to compare differences between BMI discordant pairs. 
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Significance was set at P< 0.05 and analyses were conducted using SPSS (version 
21, IBM, Chicago, Illinois, USA). 
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5.5 Results 
5.5.1 Subjects  
In total, 401 twin pairs were invited to participate in the study by the ATR and forty-
one expressions of interest were received from complete pairs (both twins willing to 
participate). One twin pair contacted the researchers via other means. Forty nine out 
of 84 possible individuals were able to be contacted by the researcher, of which 36 
agreed to partake in the study (reasons for non-participation: work commitments, 
personal reasons and no reason given). Participants (n= 4) were excluded from the 
final data set as their co-twin was unable to complete the testing (3 - work 
commitments and 1 - moved interstate), leaving a final sample size of 32 individuals 
(16 MZ pairs). Characteristics of all participants are shown in Table 5.1. Mean age 
was 30.9 ± 2.7 years (age range: 19 - 50 years) and fifteen of the pairs were female, 
and one pair was male. Of the 16 pairs recruited into the study, twelve pairs were 
concordant for BMI (BMI difference of <3 kg/m2) and 4 pairs were discordant for 
BMI (BMI difference of >3 kg/m2).  Mean BMI of the lean co-twin was 24.4 ± 2.8 
kg/m2, while mean BMI of the heavy co-twin was 30.0 ± 2.7 kg/m2. 
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Table 5.1 Characteristics of monozygotic pairs   
 
 
 
 
 
 
 
 
 
 
 
 
All data are presented as mean ± SEM. MZ, Monozygotic; N, number;  
m; metres; BMI, Body Mass Index  
 
 
5.5.2 Fatty acid taste sensitivity  
There was individual variation in fatty acid taste sensitivity, with thresholds ranging 
from 0.02 - 20 mM. For concordant pairs, mean C18:1 taste thresholds were 
dissimilar between co-twins (ICC= 0.30, P= 0.67). Within the BMI discordant cohort, 
C18:1 taste thresholds differed two-fold between lean and obese co-twins (lean: 2.1 
± 1.5 mM; obese: 4.7 ± 1.5 mM, ICC= 0.38), however this difference was not 
statistically significant (P= 0.28).  
 
5.5.3 Fat perception   
BMI concordant and discordant pairs were dissimilar for scores on the fat ranking 
task, (concordant pairs: ICC= 0.30, P= 0.67; discordant pairs: ICC= 0.23, P= 0.55). 
Fat ranking scores did not differ between lean or obese co-twins (lean: 1.8 ± 1.0; 
obese: 1.8 ± 1.1, P= 0. 84) and performance on the fat ranking task was not associated 
with fatty acid taste thresholds (r= 0.78, P= 0.69).  
Characteristic  All 
N of individuals (N of twin pairs) 32 (16) 
Age (mean, years) 29.4 ± 1.7 
Age (range, years) 19 – 50 
Female/male (N of pairs) 15/1 
Height (m) 1.7 ± 0.02 
Weight (kg) 65.2 ± 2.2 
BMI (kg/m2) 23.5 ± 0.8 
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5.5.4 Hedonic ratings for regular and lowered fat foods  
BMI concordant twins were similar in their liking for lowered-fat (LF) cream cheese 
(ICC= 0.67, P= 0.04), but not for any other food, while BMI discordant twins were 
similar in their liking for LF cream cheese (ICC= 0.50, P= 0.04) and regular fat (RF) 
yoghurt (ICC= 0.96, P= 0.01) (Table 5.2). An analysis of the BMI discordant cohort 
found there was no difference in liking of regular or lowered fat foods amongst lean 
and heavy co-twins (P> 0.05 for all foods, Table 5.3).  
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Table 5.2: Intraclass correlations for regular and lowered fat foods between BMI concordant and discordant twins   
Food type BMI concordant ICC  
(n =12) 
P-value BMI discordant ICC 
(n= 4) 
P-value 
Regular fat cream cheese 0.08 0.39 0.16 0.22 
Lowered fat cream cheese 0.67 0.04* 0.50   0.04* 
Regular fat  yoghurt 0.10 0.60 0.96   0.01* 
Lowered fat yoghurt 0.80 0.60 0.01 0.83 
Regular chocolate mousse 0.46 0.58 0.13 0.78 
Lowered fat chocolate mousse 0.20 0.35 0.52 0.20 
Data are presented as mean ± SEM.  
*Denotes significance at P< 0.05 
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Table 5.3: Mean hedonic ratings for regular and lowered fat foods between lean 
and heavy co-twins    
Food type  Lean co-twin 
(n= 4) 
Heavy co-twin 
(n= 4)   
P-value  
Regular fat cream cheese 5.0 ± 2.3 5.3 ± 2.3 0.88 
Lowered fat cream cheese 5.8 ± 0.4 5.0 ± 1.2 0.56 
Regular fat yoghurt 4.0 ± 0.8 4.5 ± 1.9 0.92 
Lowered fat yoghurt 5.8 ± 1.0 6.8 ± 1.0 0.60 
Regular fat chocolate mouse 6.5 ± 0.6 7.3 ± 0.6 0.80 
Lowered fat chocolate mousse  5.0 ± 0.9 4.8 ± 0.9 0.67 
Data are presented as mean ± SEM.  
 
 
5.5.5 Like - Dislike Questionnaire  
Liking for all fatty foods (except for butter) rated on the Like - Dislike 
Questionnaire were well correlated and significant within concordant pairs (ICC 
range: 0.56 - 0.89, P<0.001 - 0.04) (Table 5.4). For discordant pairs, twins were 
only similar in their liking for sausages (ICC= 0.73, P= 0.05). An analysis of the 
discordant twin cohort (Table 5.5), found the heavy twin had greater preference for 
fried chicken, however this was not statistically significant (P= 0.38).    
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Table 5.4: Intraclass correlations of fatty foods between BMI concordant and 
discordant twin pairs 
Food type BMI  
concordant   
ICC (n= 12) 
 
P-value BMI  
discordant  
ICC (n= 4) 
  
P-value  
Beef steak 0.70 0.04* 0.70 0.08 
Butter 0.64 0.10 0.79 0.32 
Cookies 0.65 0.05* 0.01 0.52 
Hot chips 0.88 0.01* 0.79 0.34 
Fried chicken 0.75 0.02* 0.59 0.12 
Buttercream icing 0.56 0.03* 0.33 0.25 
Mayonnaise 0.89 <0.001* 0.94 0.03 
Sausage  0.80 0.01 0.73 0.05* 
Data are presented as mean ± SEM. ICC, intraclass correlation  
*Denotes significance at P<0.05 
 
 
 
Table 5.5: Mean hedonic ratings of fatty foods on the Like – Dislike 
Questionnaire between lean and heavy co-twins 
Food type Lean co-twin 
 
Heavy co-twin P-value  
Beef steak 22.8 ± 8.9 15.6 ± 5.9 0.53 
Butter 12.7 ± 11.0  0.2 ±11.2 0.46 
Cookies 35.8 ± 9.9 26.5 ± 3.9 0.41 
Hot chips 29.2 ± 8.4 23.9 ± 10.6 0.70 
Fried chicken 4.9 ± 16.5 24.4 ± 11.9 0.38 
Buttercream icing 11.7 ± 8.8 9.5 ± 17.5 0.91 
Mayonnaise 19.5 ± 13.5 19.0 ± 10.8 0.98 
Sausage  15.8 ± 24.2 15.5 ± 14.3 0.44 
Data are presented as mean ± SEM
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5.5.6 6-n-propylthiouracil (PROP) taste sensitivity  
Mean perceived intensity of PROP was similar amongst all pairs (BMI concordant 
pairs: ICC= 0.63, P= 0.02; BMI discordant pairs: ICC= 0.56, P= 0.03). There was 
no difference in PROP taste sensitivity between lean and obese co-twins (lean co-
twin: 30.0 ± 8.7; heavy co-twin: 31.1 ± 9.0, P= 0.28).  
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5.6 Discussion 
Although classification of fat as a sixth taste primary, together with its functional 
role in food intake and health has not yet been fully established, there is an active 
interest in how fatty acid taste sensitivity, liking and consumption of fatty food 
differs between individuals and how this variability influences food selection 
behaviours and nutritional status. Whether these differences are a result of 
environmental or genetic factors is also of increasing interest. Various approaches 
can be used to better understand how genetic influences underlie food selection 
behaviours and twin studies aim to explain inter-individual variation in traits or 
phenotypes (118). As such, Study 3a aimed to recruit a genetically informative 
sample of MZ twins to explore phenotypic differences in fatty acid taste sensitivity, 
fat perception, fatty food liking and PROP taste sensitivity. When comparing BMI 
discordant and concordant MZ twins, the present study showed low within-pair 
correlations for C18:1 taste thresholds and fat perception. Liking for fatty foods 
were well correlated for concordant twins, however not for discordant pairs, while 
PROP taste sensitivity was well correlated within all pairs.  
 
Compared to other tastes, relatively little is known about the genetics of fatty acid 
taste perception and no published literature has investigated or compared fatty acid 
taste thresholds amongst twin subjects and as such these results are preliminary in 
nature. Based on ICC analysis to assess within pair similarities, the present study 
showed twins were dissimilar for not only C18:1 threshold values, but also for 
performance on the fat ranking task. Within the MZ twin participant cohort, a small 
sample of BMI discordant twins (n= 4 pairs; mean discordance of 6 kg/m2) were 
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identified, together with 12 BMI concordant pairs. One of the most notable findings 
was that within the discordant cohort, fatty acid taste thresholds differed 
substantially between the lean and obese co-twin, with obese individuals having 
two-fold higher C18:1 taste thresholds (lean: 2.1 ± 1.5 mM, obese: 4.7 ± 1.5 mM). 
Despite there being no statistical significance between these values (most likely due 
to the study being underpowered to do so), these results are intriguing and support 
the association between impaired fatty acid taste sensitivity and increased BMI (6, 
7). These observations are also consistent with the study’s hypothesis (where it was 
stipulated both genetic and environmental factors would also be apparent) and with 
prior work supporting the influence of the environment on taste sensitivity. 
Adaptive changes in response to either dietary restriction or exposure have been 
previously reported, not only for fatty acid taste, where sensitivity to C18:1 was 
shown to increase in response to a low-fat diet (81), but for other taste compounds 
including sodium (112, 157) and monosodium glutamate (MSG) (113) highlighting 
the significant plasticity of the taste system. Increased availability of energy-dense, 
high-fat foods are environmental factors which are likely to drive overconsumption 
of fats. It is plausible that within the genetically similar cohort of MZ pairs recruited 
for the present investigation, varied dietary environments, for example long term 
fatty food consumption in one twin, may result in a diminished sensory response to 
fatty acids, and as a consequence, that individual then ingests greater amounts of 
fat to elicit the necessary gustatory feedback to cease consumption, thus driving 
and encouraging the pathogenesis of obesity. Previous dietary behaviours or 
exposure were not examined as part of this study, however these factors will 
become important for studies proceeding this work.  
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Likes and dislikes are significant determinants of what foods an individual chooses 
to ingest (33) and in this study, liking of fatty foods were compared between BMI 
concordant and discordant twins and measured using two different methods and in 
different situations. In one instance, liking of regular and lowered-fat versions of 
commercially available foods was measured in a laboratory setting using actual 
food tasting and selection methods and in the other, liking and disliking of various 
foods, including fatty foods was rated using a questionnaire and in the home 
environment. Liking assessed via food selection methods in the laboratory showed 
few significant relationships where low-fat yoghurt was liked similar amongst BMI 
concordant MZ pairs, but a similar type of relationship was not identified for any 
other regular or lowered fat food. The study showed, however, consistent positive 
associations amongst liking or disliking of fatty foods in BMI concordant twins, as 
determined by the Like - Dislike Questionnaire where liking for fatty foods 
including cookies, hot chips, fried chicken, mayonnaise and sausages were similar 
between members within a pair. A similar finding however was not reported for 
BMI discordant pairs. When focusing on the discordant cohort, this observation 
could highlight environmental influences on fatty food preferences. Prior work 
based on a similar MZ BMI discordant sample (n= 23 pairs) identified that the 
obese twin reported greater preference for fatty food and recorded a higher 
tendency to overeat certain fatty foods, compared to their lean co-twin (39). The 
present study did not find statistical differences between lean and heavy co-twins 
in terms of fatty food liking, however  with the work from Rissanen et al. in mind, 
together with the exploratory nature of this study, it would be interesting to further 
analyse these phenotypes in a larger BMI discordant cohort, given others, for 
Chapter 5 – Fatty acid taste sensitivity and fatty food preference in twins   
 
160 
 
example, Mela and Sachetti (38) who have identified important hedonic differences 
between lean and obese individuals.  
 
The observations that concordant twins were similar in their preferences for 
numerous fatty foods, particularly those from the Likes - Dislikes Questionnaire 
could suggest that there is a genetic component to the liking of fatty foods. This 
proposition supports a growing body of evidence; in the presence of a high-fat 
environment, not all individuals overconsume the energy dense macronutrient, and 
as such numerous authors are now seeking to understand whether a genetic 
component underlies the fat detection and sensitivity phenotype (56, 60, 159). In 
humans, much of the literature has concentrated on elucidating the role of the 
CD36, with a particular focus on receptor variants, for example rs1761667 and 
rs1527483 which have previously been associated with enhanced preference for 
fatty foods (60, 129). While much more work is needed to further validate the role 
of CD36 and other putative mechanisms involved in fatty acid taste perception and 
preference, these findings, together with the identification of genetic underpinnings 
from the present study, are promising. Given the pilot nature of this study and use 
of an MZ twin design (as opposed to MZ versus DZ) heritability of fatty food 
preferences were not assessed, as others have done for other tastes or food 
preferences (165, 168, 170, 171) however given food liking influences dietary 
choices and chronic disease risk factors, further investigation is required.  
 
Studies investigating the genetics underlying taste perception have been largely 
dominated by two examples: individual differences in the bitterness of 
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phenylthiocarbamide (PTC) and PROP (74, 172). The relationship between PROP 
taster status and the ability to perceive fat has been one of great interest, however 
mixed results appear throughout the literature. The current findings suggest that as 
expected, PROP sensitivity was correlated between MZ pairs, as has been reported 
by others. PROP sensitivity is governed by the TAS2R gene and is a heritable trait 
(74) and given a genetically similar sample of individuals were recruited for this 
study, the results were not surprising. The reliability analysis was lower than what 
others have reported (171), which may have been a result of the small sample size. 
Furthermore, PROP sensitivity was not associated with fatty acid taste thresholds, 
or scores on the fat ranking task, despite previous reports suggesting PROP 
supertasters are able to distinguish high-fat from low-fat salad dressings (128) and 
are able to discriminate the fat content and creaminess of dairy foods more 
accurately than non-tasters (79). Methodological differences may have accounted 
for these lack of findings and given the contentiousness of the literature, this 
emphasises the need for more detailed analysis.  
 
The results of this study should be considered alongside several limitations. The 
small sample were mostly composed of MZ female twins; prior work has identified 
gender may play an important role in food selection behaviours for example, it has 
been reported that women are more likely to report avoidance of high-fat foods 
when compared to male participants (173). It is well acknowledged that dietary 
habits are a complicated phenotype to study and among genetic and environmental 
factors, cultural and individual factors contribute to differences in dietary patterns 
(166). There are difficulties associated with determining origins of liking and 
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differences in fat perception and innate preferences may develop and change 
alongside environmental changes, including accessibility and economic 
considerations (174). This study did not take into account whether twins were 
raised together or raised apart, or if twins were living together at the time of testing. 
These unique environmental contributions to each twin may have contributed to the 
results, however were not determined as part of the study. Such an array of 
influences increases difficulty when determining the origins of fat preferences and 
individual variation in sensitivity, however it is expected this will remain an active 
area of interest for some time.  
 
 
5.7 Conclusions 
Whether fatty acid taste sensitivity, and by extension fat preference is genetically 
or environmentally influenced needs much further validation, although the results 
from this study suggest that fatty acid taste  sensitivity could be influenced by 
environmental factors, while fatty food liking may be more so influenced by both 
inherent and genetic underpinnings.   
 
5.8 Future directions  
This study has identified that a twin design is useful for exploring the origins of 
fatty acid taste sensitivity and preferences and in regards to future directions, and 
further estimates of heritability through comparisons of genetically similar 
individuals is warranted. A larger study also exploring differences in fatty acid taste 
sensitivity between not only MZ twins, but DZ twins would be advantageous. This 
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study provides some evidence that food related traits may be partly inherited, 
however it did not determine the underlying genes, but this is a notable area of 
future work. In order to assess fatty acid receptor variants, current genotyping 
methods mainly use measures in blood, but there is also a need to develop and 
implement non-invasive tongue cell collection methods, where fatty acids are 
known to directly interact.  
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Study 3b: A comparison of fatty food liking in monozygotic 
(MZ) and dizygotic (DZ) twins 
 
5.9 Study outline 
Following from Study 3a, which among other findings, identified similarities 
between MZ twins in fatty food liking, Study 3b aimed to further explore the 
genetic basis underlying food preference by comparing liking of high-fat and no-
fat food between a genetically informative sample of MZ and DZ twin pairs. MZ 
and DZ twin pairs across two age groups (4-10 years; or junior twins and 1 1  
y e a r s  a n d  o l d e r ;  o r  o l d e r  c h i l d r e n / a d u l t s )  were invited to 
participate in a tasting session held at a Deakin University research stall at the 2012 
Twins Plus Festival,  w i t h  t h e  a i m  of assessing whether liking for fatty food 
was similar amongst MZ and DZ twins. Participants were asked to taste a high and 
no-fat version of chocolate custard and rate their liking of each. Twin pairs were 
also asked to rate the intensity PROP to investigate associations between the PROP 
taster phenotype and fat preference.   
 
5.10 Subjects, materials and methods  
5.10.1 Subjects  
MZ and DZ twins were recruited from a convenience sample at the 2012 Twins 
Plus Festival, a one day convention of twin pairs and multiple births held every 
three years in Caulfield, Melbourne, Australia, which was jointly run by the ATR.  
Demographic information including sex, date of birth and self -reported 
height and weight measurements were collected and zygosity (MZ or DZ) 
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was self-reported. Those with food allergies or intolerances (for example, 
lactose or gluten intolerance) were excluded from the study, as were those whose 
co-twin was unable to, or who did not wish to participate. Ethics was obtained for 
this study (DUREC 2012-20) and all participants provided written informed 
consent. When the participant was aged under 18 years, consent was obtained from 
the parent or guardian.  
 
5.10.2 Custard preparation 
To assess liking, two types of chocolate custard were prepared on the morning 
of testing; a no-fat (0%) custard and a high-fat (15%) custard. Samples were made 
from 100 g custard powder (Foster Clark, Cerebos Ltd, Seven Hills, New South 
Wales, Australia), 50 g castor sugar (CSR, Yarraville, Victoria, Australia), 100 g 
cocoa powder (Nestle, Rhodes, New South Wales, Australia) and 20 g caramel 
flavoured syrup (Coles, Hawthorn, Victoria, Australia), in line with the methods 
described Chapter 2. No-fat UHT milk (1L, Devondale, Cobram, Victoria, 
Australia) was added and the custard cooked on low using a conventional kitchen 
stovetop and heated until thick (approximately 10 minutes). The custard was 
separated into two batches and 15% of the total weight added in vegetable oil 
(Coles, Hawthorn, Victoria, Australia) to one of the batches to create the 
high-fat sample. Samples were served at room temperature. 
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5.10.3 Hedonic ratings for high and no-fat food  
Hedonic ratings for the two types of chocolate custard were determined. 
Participants were seated at a Deakin University research stall in an open area 
of the Caulfield Racecourse events room and presented with 20 g of the two 
custard samples with a randomised three digit code. Participants were asked to 
taste each sample and could taste a s  m u c h  a s  d e s i r e d . For participants aged 
11 and over, liking was assessed on a 9-point hedonic scale with worded 
descriptors (1= dislike extremely, 9= like extremely). For children aged 10 and 
under, liking was rated on child friendly 5-point ‘smiley face’ hedonic scale (1= 
super dislike and 5= super like) (133). Participants were also verbally asked by the 
researchers if they were able to perceive a difference between the two samples 
with a ‘yes’ or ‘no’ response. 
 
5.10.4 6-n-propylthiouracil (PROP) taster status 
PROP taster status was assessed as a genetic marker of taste sensitivity and to 
establish associations with fatty food liking. PROP intensity was rated on a 
labelled magnitude scale (LMS), proven to be useful when evaluating taste 
intensity (175). The LMS contains the same descriptors and spacing as the 
gLMS (as previously described in Chapter 2) however differs in that oral 
sensations were rated in relation to overall bitterness intensity.  This approach 
was taken as the training required for gLMS was not practical given the setting of 
the data collection, and use of children as participants. To ensure accurate 
comparisons across individuals, examples of each of these descriptors were 
verbally provided to participants. For example, it was explained that the ‘strongest 
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imaginable’ sensation was the taste of a bitter, toxic substance such as medicine 
whereas a ‘barely detectable’ sensation was described as the taste of paper. Squares 
of PROP soaked filter paper was prepared using methods previously described in 
Chapter 2. Participants were asked to unwrap the filter paper and place the square 
on the tip of the tongue until thoroughly wet. PROP bitterness was rated by placing 
a vertical line on the LMS at the point the participant considered appropriate. PROP 
taster ability was always assessed following fatty food liking assessment.  
 
5.11 Statistical analysis 
Data were summarised and mean ± SEM. For the analyses, the sample was split 
into two age group categories; junior twins and older children / adult twins. This 
was due to junior twins (aged 4 - 11 years) rating liking on a 5-point scale while 
those aged >12 years rated liking on a 9-point hedonic scale. Intrapair correlations 
for MZ and DZ twin pairs were reported using intraclass correlation (ICC) 
analysis. There were no differences between genders and consequently, data are 
presented together. Statistical significance was set at P< 0.05 and all analyses were 
conducted using SPSS (version 21, IBM, Chicago, Illinois, USA).  
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5.12 Results 
5.12.1 Subjects 
One hundred and forty two individuals were recruited for the study. Twins (n= 3 
pairs) were excluded from the data set as zygosity was not formally known, 
leaving a final sample of 136 individuals (n= 68 pairs) composed of thirty nine 
junior MZ (n= 26) and DZ (n= 13) twins pairs and 19 older children / adult MZ 
(n= 16) and DZ (n= 3) twin pairs (Table 5.5). Twins were aged between 4 - 68 
years and as BMI for children is more complex to calculate, only adult BMI values 
were used for analyses. Mean self-reported BMI of adult twins was 25.1 ± 0.7 kg/m2 
(range 18 - 34 kg/m2).  
 
 Table 5.6: Twin numbers by zygosity and age group 
Data are presented as n of pairs. MZ, monozygotic; DZ, dizygotic. 
 
 
5.12.2 Hedonic ratings for high and no-fat food  
Ninety three percent of participants (n= 126 individuals; n= 14/17 DZ pairs; n= 
49/51 MZ pairs) indicated they could perceive a difference between no-fat and 
high-fat custards. For adult twins, both high-fat and no-fat samples were similarly 
liked amongst zygosities, with no significant differences in liking between MZ or 
DZ pairs (MZ: high-fat liking= 6.6 ± 1.8, no-fat liking= 6.1 ± 1.9; DZ: high-fat 
liking= 5.4 ± 2.2, no-fat liking= 6.4 ± 1.4; P= 0.62). This was similar for junior 
twins, where high-fat and no-fat samples were similarly liked with no significant 
Zygosity All (n) Junior twins  
(n; 4-10 yrs) 
Older children/ adult twins  
(n; 11-68 yrs) 
MZ 51 13 38 
DZ 17 9 8 
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difference in liking between zygosities (MZ: high-fat liking= 3.5 ± 0.4, no-fat 
liking= 3.7 ± 0.30; DZ: high-fat liking= 3.2 ± 0.4, no-fat liking= 3.4 ± 0.2, P= 0.51).  
 
5.12.3 Within-pair similarities for high and no-fat food  
Intraclass correlations (ICC) were calculated to determine whether MZ twins were 
more similar in their preference for fatty food than DZ twins. In regards to the junior 
twin cohort, for both high-fat and no-fat custards, ICC for MZ twins exceeded those 
of DZ twins, with significance indicated for the high-fat sample only (high-fat: MZ 
ICC= 0.81, DZ ICC= 0.12, P= 0.02; no-fat: MZ ICC= 0.56, DZ ICC= 0.23, P= 
0.10). In a similar vein this pattern was shown amongst the adult twin cohort (Table 
5.6) where MZ twins were significantly more similar in their preference for high 
custard, compared to DZ twins.  
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Table 5.7: Intraclass correlations for high and no-fat custard between 
monozygotic and dizygotic twin pairs 
 Food type MZ  
(ICC) 
P-value DZ  
(ICC) 
P-value 
Junior High-fat 0.81 0.02* 0.12 0.41 
 No-fat 0.56 0.13 0.23 0.10 
Older children / adult High-fat 0.54 0.02* 0.05 0.45 
 No-fat 0.29 0.18 0.08 0.49 
ICC; intraclass correlation, MZ; monozygotic, DZ; dizygotic  
*Denotes significance at P< 0.05 
 
5.12.4 6-n-propylthiouracil (PROP) taste sensitivity  
Mean PROP taste perception was 52.4 ± 8.9. PROP taste perception was highly 
correlated for both MZ (r= 0.82, P< 0.001) and DZ pairs (r= 0.83, P= 0.008). When 
the sample was split into tertiles based on PROP taste perception, there was 
however no association between PROP taste sensitivity and liking for high-fat (r= 
0.12, P= 0.45) or no-fat custard (r= 0.27, P= 0.22), nor was there an association 
between PROP sensitivity and BMI of the adult twin cohort (r= -0.13, P= 0.85).  
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5.12 Discussion  
There is a need to identify and explain how and why individuals differ in their 
orosensory perception of dietary fat as these differences may underlie the 
development of overweight and obesity (12, 58). This study was an exploratory 
study investigating liking of high and no-fat food (custard) in MZ and DZ twins, 
using food selection methods, and followed the previous study in this Chapter 
which investigated fatty acid taste sensitivity within a MZ cohort of twins. The aim 
of the present investigation study was to identify similarities for fatty acid 
preference within and between zygosities and to compare PROP sensitivity 
between the two, together with any potential relation with fat perception. The major 
findings were that MZ twins were significantly more similar in their liking of high-
fat custard, in comparison to DZ twins, while PROP taste sensitivity was strongly 
correlated amongst both zygosities.  
 
The previous study within this Chapter, Study 3a, identified that liking for fatty 
foods was similar between MZ pairs, but only for items on the Like - Dislike 
Questionnaire, whereas when liking was measured via food selection methods 
(where participants tasted and rated various high and low-fat foods in the 
laboratory), ICCs were weak and non-significant. These findings were based on an 
analysis of a small sample of MZ twins only and therefore, the purpose of the 
current study was to explore this proposition further. It was identified that across 
different age groups (junior and adult) MZ pairs were more behaviourally similar 
in their preference for high-fat custard compared to DZ pairs, as assessed via ICC 
Chapter 5 – Fatty acid taste sensitivity and fatty food preference in twins   
 
172 
 
analysis and this was despite the majority of the sample (93%) being able to 
perceive a difference between the two custards. There have been no prior attempts 
to measure only fatty food liking via food selection methods in a genetically 
informative sample of twins and based on this design, these observations imply 
genetic underpinnings guide fatty food preference. Several lines of evidence now 
point toward these genetic influences (23, 24, 60, 105, 118, 129, 159, 163) and data 
from the present investigation also support the proposal that there is a heritable 
component to fat preferences. The understanding of which genes are responsible 
for these behaviours has increased in recent years, for example, abolishing the 
CD36 gene in animal models coincides with a decreased preference for fats (26), 
and importantly in human subjects, this receptor has been similarly identified on 
taste cells (101) with specific sequence variants found to mediate preference or 
detection for fat, and associations with BMI (55, 56, 60, 102). Additional putative 
fatty acid receptor genes including GPR40 and GPR120 also play a plausible role 
in fat detection, however much of the current evidence available is for rodent 
models (104-106), with few studies conducted in humans. While this study did not 
assess the proportion of fat preference attributed to genetics, this presents a 
promising and fruitful research area. These preliminary findings emphasise the 
need for ongoing work in this area and the importance of assessing genetic 
contributions underlying fat consumption behaviour, especially given excess 
consumption of high-fat food has been strongly associated with the development of 
overweight and obesity (4), and heritable variation in food preferences have been 
shown to  contribute to obesity (163).  
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Prior to this study, several authors have used twin participants to assess heritability 
of other food preferences (165, 168, 170), and while the findings from this work 
are compelling, notably, there has been little attention given to the heritable 
variation in fatty acid taste  thresholds or fat preferences. Collectively, studies 3a 
and 3b have identified that the use of a twin pair study design may be an effective 
tool in the search for mechanisms underlying fat consumption and presents useful 
methodology moving forward with this body of research.  
 
There are a number of other genetically guided factors which may contribute to 
inherent genetic diversity in fat preference and PROP taster status, identified as a 
general marker for oral sensations and food preferences is a highly researched, yet 
controversial field. In this study, PROP perception was highly correlated for both 
MZ and DZ pairs; not a surprising finding given PROP taste perception is 
genetically controlled and a genetically homogenous sample was recruited. Similar 
to the findings in Study 3a, there was however no association between PROP taste 
sensitivity and liking for high-fat or no-fat custard. Given the nutritional 
implications associated with excessive consumption of dietary fats (37), several 
reports have explored, and proposed inverse correlations between PROP, fat 
detection ability, specific dietary behaviours and BMI, for example, Tepper and 
Nurse  (128) suggested PROP supertasters are able to distinguish high-fat from 
low-fat salad dressings and are able to discriminate the fat content and creaminess 
of dairy foods more accurately than non-tasters (79). Across numerous studies, 
PROP non-tasters on the other hand, display higher preferences for certain fatty 
foods such as high-fat milk and salad dressings (79, 155). These types of findings 
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were inconsistent with the current work and a multiplicity of other conflicting 
literature (75, 176-178) which suggest other factors other than the PROP taster 
phenotype guide these associations, as also suggested by Hayes and Keast (172).  
 
In addition to genetic contributions, it is important to also acknowledge the role of 
environmental influences. Prior work from our laboratory suggests C18:1 taste 
thresholds can be manipulated via dietary alterations, however interestingly, these 
changes do not coincide with a change in preference (81). This could suggest that 
while fatty acid taste sensitivity is more responsive to environmental influences, 
such as a forced restriction of dietary fat, liking for high-fat foods may be more so 
underpinned by genetic factors, and could potentially explain why altering fat 
preference via diet is difficult to achieve. As previously stated, few studies have 
incorporated the use of a twin cohort when assessing mechanisms underlying fat 
preference, however work on a genetically identical (MZ) weight discordant cohort  
found that the obese co-twin had a greater preference for fats highlighting that 
different phenotypes maybe be present in genetically similar individuals perhaps as 
a result of recent dietary exposure or epigenetic changes (39). Findings were based 
on responses to dietary questionnaires, however food preferences may also be 
measured through food selection methods, in other words, asking participants to 
taste and rate foods that differ in fat content (38), as done in the present study. 
Regardless of the method employed, the findings by Rissanen et al. (39), together 
with the data from the current study emphasise the importance of assessing both 
environmental and genetic contributions to fat preferences.   
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Results from this study should be assessed with the following limitations in mind. 
The small sample of adult twins, in comparison to junior twins should be 
acknowledged and furthermore, there was greater presence of MZ twins across both 
age groups. This was largely due to the convenience sampling method employed at 
the one-day festival and the event being more so a novelty for younger children, 
and also for MZ twins. In addition, liking of a single fatty food (custard) type was 
assessed and therefore, results cannot be generalised to other high-fat food foods. 
Finally, prior studies generally collect information on dietary behaviours using 
dietary measures (i.e. a food frequency questionnaire (FFQ) or 24-hour dietary 
recall) and it would have been useful to collect this type of data, however this study 
was the first study to assess liking of fatty foods using food selection methods in 
twin participants and therefore the preliminary findings are important to the 
growing knowledge base of this field. Results were nonetheless intriguing and 
support previous work that fat preference may be in part heritable.  
 
5.13 Conclusions  
The current investigation has identified that the use of a twin pair study design may 
be an effective tool in the search for mechanisms underlying fat consumption and 
the contribution of genotype to fat preferences. This study identified MZ twins 
were more similar for their preference of fatty food compared to DZ twins, and as 
expected, PROP taste sensitivity was correlated for both MZ and DZ pairs, 
although PROP taste sensitivity was not correlated with measures of fat preference. 
It will be important to further assess the genetic contribution to fatty food liking in 
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future studies, as having a greater understanding of the role that genes play in fat 
preference could help to identify those who are at greatest risk of excess fat 
consumption.  
 
5.14 Future directions  
It is expected this study could inform future work, which would benefit from testing 
a wider, range of high and low-fat foods and larger twin numbers in a more 
comprehensive study. As part of this study, liking was assessed in a public space, 
however assessing participants in a laboratory setting would be of benefit, in 
addition to collecting dietary information through 24-hour food records or FFQ, 
together with actual anthropometric measures (as opposed to self-reported 
measures). With the body of evidence supporting fatty acid taste sensitivity and the 
associated health implications increasing, a large focus is now of the genetics of 
fatty acid taste sensitivity and fat preference and how this may contribute to eating 
behaviours and disease risk. As suggested as part of Study 3a, a logical and 
important next step is to develop suitable methodology in humans to isolate, and 
test for fatty acid specific receptors on the tongue and assess whether variation or 
differences in expression are responsible for individual differences and eating 
behaviours.
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Summary of major findings and conclusions  
 
6.1 Introduction  
The link between excessive dietary fat consumption and the development of 
overweight and obesity is well established, however there is a need to better 
understand why some individuals tend to overconsume this macronutrient, 
especially given its high energy density and palatability (5). The five taste primaries 
play an important role in food selection and evidence supporting the existence of a 
primary taste responsive to fatty acid, more commonly known as fatty acid taste 
has grown substantially as of late. Early research using animal models and more 
recent evidence based on human subjects has consistently shown fatty acids of 
varying saturation and chain length are detected by the oral cavity when non-
gustatory inputs (olfaction, viscosity and lubricity) are minimised (6, 59, 65, 68, 
83, 111). Despite these well-controlled studies, there has been debate over whether 
fat constitutes a legitimate taste stimulus, although mounting evidence supports not 
only its detection via the taste system, but also a functional role to fatty acid taste 
sensitivity. Individual variation in fatty acid taste sensitivity has led some authors 
to investigate whether these differences are associated with body mass index (BMI) 
and eating related behaviours. In rodent models, sensitivity is a determinant of fat 
consumption and weight regulation; hypersensitive animals have a preference for 
carbohydrate based chow and resist weight gain, while hyposensitive animals 
prefer high-fat chow and develop obesity when exposed to the same high-fat diet 
(68, 77). Likewise, humans can be classified as orally hyper- or hyposensitive to 
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C18:1 (6), with the latter associated with increased BMI and dietary fat 
consumption (7). These types of associations have been reported by others (11, 76, 
78, 80), albeit with inconsistent findings as several authors have been unable to 
identify associations between fatty acid taste thresholds, or specific food 
consumption behaviours (81-83). It is also important to note a myriad of factors are 
involved in the development of obesity (29) and impaired fatty acid taste sensitivity 
may only one of these factors, therefore these inconsistencies are not entirely 
surprising. Aside from human variability, this variation potentially stems from 
methodological approaches (i.e. milk versus water emulsion stimulus vehicles, or 
staircase versus forced choice ascending psychophysical methods), which vary 
within and between research groups. Given that sensory assessments vary as a 
function of the methodology, it is important that across group comparisons can be 
made, and as such this presents an area worthy of investigation.  
 
The link between fatty acid taste sensitivity and BMI may be the consequence of a 
coordinated alimentary response; putative fatty acid receptors (e.g. Cluster of 
Differentiation 36 (CD36), G-protein coupled receptors (GPCR) 120 and 40) and 
expressed within the oral cavity are co-expressed within the gut, with decreased 
sensitivity at both locations identified in obese subjects (20) alluding to a greater 
functional role of fatty acid taste sensitivity, namely in food intake and satiety. 
When stratified according to sensitivity, Keast et al. (21) showed hyposensitive 
individuals consumed significantly more energy from a buffet lunch, compared to 
hypersensitive individuals. Given obesity is characterised by excess energy 
consumption in comparison to energy expenditure (29) and that obese individuals 
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voluntarily consume approximately twice as much energy from fat compared to 
their lean counterparts (35) this could suggest a direct role of impaired fatty acid 
taste sensitivity in maladapted satiety responses.  
 
Determining which factors directly influence oral and gastrointestinal (GI) fatty 
acid sensitivity could shed light on novel mechanisms which underlie obesity, 
however these determinants remain undisclosed. A genetic component to fatty acid 
taste variability could suggest some are more prone to overeating and weight gain 
than others, for example, there has been a large focus on CD36 and its role in fat 
detection and preference. In animals it has been shown that CD36 knockout mice 
lose their preference for fatty acids (24) while in human subjects, specific variants 
in the CD36 receptor are associated with obesity, a heightened perception of 
creaminess or impaired fatty acid taste sensitivity (55, 56, 60). Other genetically 
controlled factors including heightened 6-n-propylthiouracil (PROP) taste 
sensitivity and papillae density / number have also been raised as factors potentially 
associated with impaired fatty acid taste sensitivity and also deserve exploration 
(79, 119, 125). When focusing on fat consumption, the environment also 
undoubtedly also plays a role. A comparison of acute high and low-fat dietary 
consumption highlighted fatty acid taste sensitivity can indeed be manipulated, 
where sensitivity increases in response to a forced reduction of dietary fat (<20% 
energy from fat) over an acute 4-week period (81), although the plasticity of the 
fatty acid taste  system still needs to be validated and there is further interest into 
how environmental factors contribute not only to fatty acid taste sensitivity, but 
energy intake and satiety. There is likely to also be a degree of elasticity within the 
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gustatory system; differences in fatty acid taste may be in response to the changing 
food environment i.e. increased availability and consumption of high-fat foods, or 
conversely, impaired fatty acid taste sensitivity may could guide intake of fatty 
foods and these factors should be explored.  
 
As fat intake and regulation is an important factor contributing to weight gain, 
understanding the way in which the body responds to dietary fat, including fat 
detection and preference are important considerations. There are still many gaps 
and unanswered questions, however this thesis has endeavored to expand on the 
growing body of evidence supporting this novel research area.  
 
6.2 Discussion of major findings  
The overall aim of this thesis was to extend the growing knowledge of fatty acid 
taste, including how methodological approaches may influence fatty acid taste 
assessment and how sensitivity modulates energy intake and preference for fatty 
foods. Collectively, the data from this thesis contributes to the novel, yet mounting 
research supporting the existence and role of fatty acid taste. A discussion of the 
key findings from this thesis are as follows: 
 
Study 1 addressed methodological approaches as a factor underlying wide 
variation in fatty acid taste thresholds and contentious findings between research 
groups. This study found no significant difference in mean fatty acid (oleic acid; 
C18:1) taste thresholds using two established and common methodologies; those 
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based on methods from Purdue and Deakin Universities, which use deionised water 
and milk-based stimulus vehicles, respectively. When participants were tested over 
7 sessions for each stimulus vehicle using forced choice alternative methodology, 
it was reported that both methods were reliable and repeatable with strong intraclass 
correlations shown between testing sessions, while each visit was also correlated 
with the overall mean. There was however a difference in the number of testing 
sessions required for stability; the Deakin method was reliable from the first testing 
session, while the Purdue method required a minimum of 3 testing sessions for a 
stable threshold to be reached. These findings support previously published data 
demonstrating high test-retest reliability for numerous fatty acids (e.g. C18:1, 
linolenic acid (C18:2) and lauric acid (C12:0) using the Deakin based methodology 
(64). When focusing on the Purdue methodology, these observations are also in line 
with prior investigations suggesting reproducible taste thresholds follow after 
multiple testing sessions (62, 76). The reason behind this variation deserves further 
investigation, for example whether the Purdue method requires greater participant 
familiarity due to the unusual nature of the stimulus (a fat in water emulsion as 
opposed to a fat in milk emulsion) has been proposed, but this was difficult to 
determine based on the small sample size (n= 16) in this study. Importantly, when 
comparing ranking of participants, there was no difference between methodologies, 
for example, a participant classified as hypersensitive using the Deakin method was 
similarly classified using the Purdue method. This importantly demonstrates that 
despite differences in vehicle solution and preparation, there was consistency 
across methods, which is essential if making comparisons and drawing conclusions 
across fatty acid taste studies. The present study reported no association between 
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oral C18:1 sensitivity, BMI, energy and fat intake, despite use of both a 3-day diet 
diary and validated food frequency questionnaire (FFQ). These relationships were 
investigated as part of standard laboratory procedures, although acknowledge that 
this study was not designed to find an association between fatty acid taste 
sensitivity and BMI. Yet to be established is why there is variation is fatty acid taste 
findings, which would require a larger sample of participants. Comparing detection 
threshold values across studies can present a challenge due to differences in 
stimulus preparation and vehicle composition, however here it has been 
demonstrated that thresholds obtained using different vehicles can be comparable. 
This was the first study to compare two major stimulus vehicles for fatty acid 
threshold assessment and as such, the implications of this study are important. As 
numerous studies have employed the Purdue and Deakin based methods, this would 
permit valid comparison, interpretation and application of previous work, which is 
important given the progressive nature of fatty acid taste research. Additionally, 
there may be an advantage in choosing to use one stimulus vehicle over the other. 
If using the milk-based vehicle, there is a distinct advantage in terms of time and 
resources to both the study participant and the researcher, in that numerous testing 
sessions are not required to achieve stability. While a major focus of this thesis was 
to further understand if fatty acid taste sensitivity underlies eating behaviour, prior 
to establishing this, it was important to investigate whether there were 
methodological origins for inconsistent findings, which was important not only for 
studies which followed in thesis, but also vital for future fatty acid taste  research.  
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Study 2 was a comprehensive dietary intervention that assessed the effects of 
dietary modification on food consumption, satiety and fatty food preference over a 
10-week period. Compared to a Mediterranean diet where individuals consumed 
approximately 30 – 35% energy from fat, roughly equivalent to intakes prior to the 
study, a low-fat diet (20% fat) induced a significant decrease in food intake 
(kilojoules (kJ) and grams (g) at a buffet meal by week 10. These changes appeared 
alongside a marked two-fold increase in C18:1 taste thresholds, and a significant 
decrease in weight and BMI, whereas no changes were seen in those who consumed 
the Mediterranean style diet. These findings were in support of the hypothesis 
where stipulations that fatty acid sensitivity, most likely throughout the alimentary 
canal (oral cavity and GI tract) would play an important regulatory role in food 
consumption. While this proposition still requires further validation, this study 
extends on two previous publications from our laboratory. Firstly, it was recently 
identified that following a high-fat meal, those classified as hyposensitive to C18:1 
subsequently consumed greater quantities of food and energy at lunch (21), results 
which support the role of impaired fatty acid alimentary canal sensing in excess 
food consumption. In contrast to the previously reported acute effects (21), Study 
2 in this thesis extended these findings, highlighting the longer-term influence of 
consuming a <20% energy from fat diet. Secondly, this study supports the role of 
environmental influences (in this case dietary consumption) on fatty acid taste, as 
previously reported by Stewart and Keast (81).  
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At three testing stages (baseline, week 5 and week 10) perceived satiety ratings 
(hunger, fullness, prospective meal consumption) were expected to differ either 
prior to, or following the test meal as a result of the dietary intervention however 
no such changes were observed. This finding was however similar to what was 
reported by Keast et al. (21) where despite observing significant changes in 
behavioural based satiety measures (i.e. food intake), perceived satiety measures 
remained relatively unaffected. While subsequent food intake decreased as a 
consequence of the low-fat diet, it was suspected this did not consciously affect 
feelings of satiety or perhaps the scale was not sensitive enough to detect small 
changes. Whatever the reason, this requires further inquiry. Furthermore, it was 
hypothesised hedonic responses towards high and lowered fat foods would shift 
depending on the allocated intervention i.e. preferences for lowered fat foods would 
increase following the low-fat diet, similar to observations by Mattes (114) who 
observed comparable changes following adherence to a 12-week low-fat dietary 
intervention. The present study did not detect differences in liking following 
exposure to either a low-fat or Mediterranean diet and rather, data suggested foods 
were similarly liked before and after each intervention, despite oral exposure to fats 
being significantly modulated and despite significant improvements in C18:1 taste 
thresholds. While these findings are only applicable to the small range of foods 
tested in this study, observations from previous studies (81) have also indicated 
either minor, or trends toward hedonic shifts and while this deserves more detailed 
investigation, collectively these reports could indicate that preference could be 
difficult to modify. This is therefore identified as a potential issue moving forward 
with this body of research. For long term dietary strategies to be successful, it is 
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important that modifications in fatty food preference are demonstrated, however 
recent discoveries suggest a link between genetic predisposition and hedonic 
responses to fatty food, which could shed light as to why preferences appear 
unaffected by dietary modification. Accumulating research suggests inherent 
variation in CD36 receptor, in particular the two polymorphisms rs1761667 and 
rs1527483 are associated with enhanced preference for fatty foods (60, 129), and 
therefore genetic predisposition may have implications for human ingestive 
behaviour.  
 
An additional hypothesis in this study was that individuals would increase in their 
ability to perceive small differences in the fat content of custards in response to a 
low-fat diet, a proposition which has been described previously (81) however the 
present study could not confirm this with comparable scores on the fat ranking task 
across the three time points throughout the intervention. With these results in mind, 
future studies could benefit from using a wider fat content range, similar to what 
has been done by other research groups (56). This proposal is however yet to be 
fully tested. Further to this, work from this thesis did not support the association 
between fatty acid taste, BMI and dietary behaviours, as identified previously by 
others (6, 7). Given this is a contentious issue, these associations were investigated 
across all studies in this thesis, despite some (e.g. Study 1) being underpowered to 
do so. While it is acknowledged BMI status and the onset of obesity stems from a 
multitude of factors (179), impaired taste sensitivity may be only one physiological 
mechanism contributing to the overconsumption of energy.  
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The major and novel finding from this study, and from this thesis was that dietary 
modifications can influence subsequent food intake without changes in satiety, and 
this is coupled with changes in fatty acid taste sensitivity. In this paradigm, it is 
suspected that a diminished sensory response to fat leads to an increase in the 
amount of fat needed to elicit appropriate sensory feedback, therefore increasing 
susceptibility to overeating. As dietary fat has been implicated in weight gain (4) 
there are positive implications to the findings of this study; if consuming a low-fat 
diet over the long term, an individual may consume less food and energy while still 
maintaining satiety and satisfying hunger levels. As food preferences undoubtedly 
influence consumption, more detailed investigation into the factors contributing to 
fatty food preference in humans is warranted.  
 
Finally, Studies 3a and 3b were exploratory in nature with the overall aim of 
assessing genetic and environmental contributors to fatty acid taste sensitivity and 
preference. Study 3a investigated C18:1 taste thresholds, fat perception and fatty 
food liking in monozygotic (MZ) twin subjects, while Study 3b extended on these 
findings, by comparing fatty food liking and PROP taste sensitivity in MZ and 
dizygotic twin (DZ) pairs. Within the MZ twin cohort recruited for Study 3a, a 
small group of MZ pairs discordant for BMI (n= 4; difference of at least 3 kg/m2) 
were identified where C18:1 taste thresholds were twice as high in the heavy co-
twin compared to the lean co-twin (although it is important to note this finding was 
not statistically significant as the study was underpowered to find these 
differences). Furthermore, it was revealed that in regards to fatty food liking, BMI 
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concordant MZ twins were more similar in their liking of fatty foods when 
compared to BMI discordant twins, an observation not too dissimilar to that of 
Rissanan et al. (39) who also reported a difference in phenotypic behaviour in 
genetically similar, but weight discordant individuals. In comparison to other tastes 
and food preferences, there is a notable lack of literature on the heritability of fatty 
acid taste, however these findings highlight that differential fatty acid taste 
sensitivity and preference for fatty food may be present in genetically similar 
individuals, potentially as a result of environmental factors which have previously 
been reported by Stewart and Keast (81). Different environments between twins 
(e.g. exposure to and prolonged consumption of a high-fat diet in one twin, but not 
the other) may contribute to these differences, however this proposition needs to be 
validated in a larger MZ twin cohort.  
 
Furthering these observations, Study 3b identified potential genetic roots to fatty 
food preference, where MZ twins were more similar in their preference for high-
fat custard, compared to DZ twins and a no-fat sample. Findings support numerous 
publications seeking to identify whether a genetic component underlies the fat 
detection and sensitivity phenotype in humans (55, 56, 60, 102). Much of this work 
has focused on the presence of the CD36 gene and the influence on intake and 
preference for foods (60, 129). As stated earlier, manipulating fatty food liking via 
a forced dietary restriction may not always be successful, potentially stemming 
from an inherited susceptibility to liking of fatty foods, however as liking 
undoubtedly influences intake of foods, expanding understanding of genetic and 
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environmental contributors is likely to have implications on human ingestive 
behaviour.  
 
There have been no prior attempts to measure fatty acid taste thresholds and fatty 
food liking in a genetically informative sample of twins and based on this design, 
studies 3a and 3b identified that the use of a twin pair study design may be an 
effective method to implement when exploring genetic and environmental origins 
of fatty acid taste sensitivity. The pilot and exploratory nature of the study design 
did not allow for the putative underlying genes to be determined, which will be an 
important direction for future studies.  
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6.3 Conclusions  
Major conclusions from this thesis are as follows: 
x Despite differences in stimulus vehicle solution and preparation, C18:1 
taste thresholds determined using both the Deakin (UHT milk-based) and 
Purdue methods (water based) were comparable, suggesting each measure 
the same oral phenomena. There was a small disparity in the number of 
sessions required to reach stability with the Deakin milk-based approach 
being reliable from the initial testing session, while the Purdue method may 
take as many as three sessions to reach stability, therefore suggesting a time 
benefit if employing the Deakin method. This study contributes important 
foundational knowledge to the area of fatty acid taste and suggests both 
protocols measure the same sensory phenomena, which is vital when 
interpreting and comparing findings across the literature.  
 
x An important link between fatty acid taste sensitivity and energy intake was 
identified, where an extended (10-week) low-fat diet decreases energy 
intake at a subsequent meal, and is linked with increased oral sensitivity to 
C18:1. These changes were coupled with a marked decrease in not only 
weight, but also BMI. Despite these findings, no significant changes in 
subjective satiety measures were identified, which could indicate that a low-
fat diet is effective in reducing energy intake, while still maintaining 
feelings of satiety.  
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x Using twin methodology, there is possibly a genetic basis to fatty food 
liking, and the genetic influences on fatty acid taste sensitivity require 
further investigation. Identifying genetic inclination may help to distinguish 
those who are at greater risk of obesity and provide information for targeted 
therapeutic strategies and employing twin methodology will be useful in the 
search for these mechanisms.   
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6.4 Future directions  
The studies conducted in this thesis add to the growing body of literature on fatty 
acid taste, and extend the knowledge regarding the functional role of the fatty acid 
taste system, most notably in food intake regulation. This thesis attempted to 
understand how methodological approaches underlie fatty acid taste detection, in 
addition to increasing knowledge of the ways in which fatty acid taste sensitivity 
governs food selection behaviours and satiety. There are still many unanswered 
questions and the work presented here raises questions to be addressed in future 
work.  
 
In terms of future directions, methodological approaches towards fatty acid taste 
assessment should be considered, especially given sensory function varies as a 
result of the methodological procedure used.  Two common methodologies (C18:1 
emulsified in a UHT milk or water base) were compared using a forced choice 
ascending procedure and identified the Deakin method as perhaps being the more 
efficient vehicle for delivery of the fatty acid, as it required only a single session to 
reach threshold stability. Other methods such as edible taste strips, where filter 
paper is impregnated with a taste substance (134) have been successfully 
implemented in fatty acid taste studies (54, 55). This type of methodology has been 
identified as useful in overcoming problems related to stimulus hydrophobicity and 
emulsion stability, two issues which have been recently raised by Running et al. 
(61) as a source of variability amongst fatty acid taste  literature. In order for this 
type of approach to be used, a comprehensive study comparing its reliability against 
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the Deakin and Purdue methodologies could be conducted, and may present as an 
alternative method for future fatty acid taste assessment.   
 
Additionally, as part of this thesis, reports that taste sensitivity to fatty acids can be 
increased through a forced dietary restriction of fat were described and these 
changes appeared alongside a significant decrease in both weight and BMI. 
Whether weight loss is associated with increased fatty acid taste sensitivity is 
however yet to be determined, and an increase in sensitivity is yet to be shown 
independent of weight loss. Therefore, future research will need to develop 
interventions that control for changes in weight loss and energy intake, for example 
a low-fat, high-kilojoule diet, compared to a low-fat, low kilojoule diet, so that fatty 
acid taste  sensitivity and changes in weight can be decoupled and changes in 
sensitivity, exclusive of energy intake and weight loss can be monitored. 
Furthermore, in Study 2, participants were a combination of normal weight, 
overweight and obese individuals. It would also be worthwhile to apply a similar 
type of intervention to a solely overweight / obese population and assess 
effectiveness in those who are most at risk of excessive energy intake, while also 
assessing dietary adherence and feasibility for individuals following cessation of 
the study. 
 
An increased hedonic response to fat may promote overconsumption of fatty foods, 
as is the case in obese individuals (38) and thus, key to lessening ingestion of these 
foods could be to modify preference. Possible genetic contributions towards liking 
of fatty foods were identified via studies of twin subjects, however the aim was not 
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to genotype participants or identify genetic variants in putative fatty acid receptors, 
as others have done in human subjects (56, 60, 102). Of particular interest is the 
role of receptors including CD36 (17) and GCPRs, GPR40 and GPR120 (18), 
which may play a role in fatty acid detection and fat preference (18-21). Studies 
investigating the role of CD36 have genotyped participants using measures in 
blood, but there is also a need to develop additional methodologies, including novel 
methods to isolate these receptors from tongue tissue, where fatty acids directly 
interact. Further to this, if fat is to be classified as the sixth taste modality, also 
important is that these putative receptor systems are and distinct roles in oral and 
GI fatty acid detection are verified.  
 
Whether fatty acid taste receptor expression or, inherent differences in the 
functionality in these receptors is altered in the obese state, therefore blunting 
sensitivity to fatty acids is another valuable area which warrants investigation, 
important in advancing understanding of how fatty acid taste  dictates fat 
consumption and associates with overweight and obesity. It is conceivable that 
expression of these receptors impacts satiety responses given the overlap between 
fatty acid sensing mechanisms in both the oral cavity and GI tract and a greater 
understanding of the functional role of fatty acid taste sensitivity, including the 
underlying detection mechanisms and corresponding associations with satiety 
could help to identify those who are at greatest risk of excess fat consumption and 
development of related chronic diseases. 
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The intake and regulation of dietary fats is considered especially problematic in the 
obese population, and as such fatty acid taste is a research area of increasing 
interest. Whether fat can be strictly classified as a primary taste is yet to be fully 
established however the findings detailed in this thesis add to the growing area 
seeking to understand how oral and GI fat detection underlies the development of 
obesity. As suggested within this thesis, established methods for measuring fatty 
acid taste  sensitivity and reliable and repeatable, fatty acid taste sensitivity 
throughout the alimentary canal plays a regulatory role in food intake and satiety 
and have supported the role of environmental influences in fat preference. There is 
still a great deal to be discovered and many gaps in the current knowledge base 
remain, including a sustained interest in how genetic predisposition guides fat 
detection, preference and the influence with appetite regulation. Collectively, the 
data from this thesis contributes to the novel, yet mounting research supporting the 
existence and functional role of fatty acid taste. This thesis has answered some of 
the many research questions within this field, while also placing emphasis on the 
importance of continued research in this area.  
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